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I. INTRODUCTION 
A. Background 
Production of atmospheric models for late-type stars 
presents a challenge due to the relatively low temperatures 
in the surface layers. These low temperatures result in 
low densities of photons in the radiation field capable of 
ionizing atoms or dissociating molecules. Consequently 
molecules and neutral atoms attain relatively high densities 
with the result that atomic and molecular line blanketing 
severely complicate solution of the radiative transfer 
equation in the atmosphere. The opacity is far from gray, 
and gray models are inadequate even as first approximations. 
At the same time, the enormous numbers of lines involved 
preclude a strictly monochromatic calculation. In addition 
to problems in computing the radiative flux, difficulties 
in handling convective energy transport must be overcome as 
convection comes into play in the dwarfs and deep in the 
atmospheres of the giants. Furthermore, the usual assump­
tions of local thermodynamic equilibrium, plane parallel 
layers, and hydrostatic equilibrium all become of uncertain 
valiaity (Vardya, 1970) . One must begin somewhere, however, 
and the models computed in this work, as well as nearly all 
those done by other investigators referred to in this work. 
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were confined to a study of the treatment of opacity. The 
assumptions of LTE, plane parallel stratification, and 
hydrostatic equilibrium were kept. Convection was treated 
using common mixing length theory. 
Some of the earliest cool star models were those of 
Gingerich, Latham, Linsky, and Kumar (1967). The opacity 
sources used were H , H, Hg, He , Mgl, Sil, and Rayleigh 
scattering from both atomic and molecular hydrogen. Though 
these models did not include convection nor account for any 
molecular line blanketing, they were noteworthy in that they 
considered several molecular species in the equation of state 
calculations and included several of the preceding opacity 
sources for the first time. Although the resulting models 
were crude due to the neglect of convection and molecular 
opacities, they represented an exploratory effort in the field. 
In particular, the authors found strong peaking in the spectra 
of cool supergiants near 1.65 y due to the existence of an 
opacity window between regions of strong H and absorption. 
This peak has been observed in infrared measurements of 
actual stars (e.g., Strecker, et a2., 1978b). 
About this same time, Tsuji (1967) and coworkers 
calculated a model for an M supergiant using an approximate 
method which smears the molecular rotational structure into a 
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pseudo-continuum opacity to include absorption by HgO, CO, 
and OH molecules. This was one of the earliest efforts at 
accounting for molecular opacity in a model atmosphere. 
Rough comparisons of the flux predicted by the model with 
the observed infrared spectrum of a real star showed this 
model to generally yield better agreement with observation 
than models computed in the same study which included no 
molecular absorption. 
The opacity of the CN molecule was included for the first 
time in a series of models calculated by Alexander and 
Johnson (1972). The opacities of CO, CN, and H^O were 
included as straight mean opacities. Actually, they used 
straight mean cross sections per molecule, determined by 
simply integrating the line cross sections over a specified 
frequency interval and dividing by the width of the interval. 
By varying the chemical abundances in the models, it was 
found that the chemical composition of the atmosphere has 
significant effects on the pressure and the temperature 
gradient in the outer atmosphere. 
Obviously there were other workers who contributed to 
the field of late-type stellar atmosphere models in the 
intervening years. A more extensive account of earlier 
work was given by Johnson (1974). 
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The 1974 work by Johnson contained the first extensive 
grid of model atmospheres for late-type stars. The models 
had effective temperatures in the range 2000-5000K, surface 
gravities in the range -2.0 to 4.0 in the log, and various 
chemical compositions. The molecular opacities of HgO, CO, 
and CN were again included as straight means. Johnson's 
models also included H2 scattering, and molecular absorption 
due to HCO, HCN, NHg, CHg, C^, CH, NH, OH, and C^. These 
molecular absorptions were calculated using an approximate 
band method. 
About the time the grid by Johnson appeared, other 
authors were calculating models using opacity distribution 
functions (ODF's) to handle molecular line blanketing. The 
ODF is often referred to as the "giant line" or multiple 
picket opacity. This method of treating line blanketing 
was first used in the calculation of stellar atmosphere 
models by Strom and Kurucz (1966). Cool atmosphere models 
using ODF's have been computed by Carbon (1974), Querci, 
Querci, and Tsuji (1974), and Querci and Querci (1975). 
Tsuji (1976a) has also computed models using a molecular 
band model approach somewhat similar to a distribution 
function. These models agree well with models computed by 
means of the ODF (Johnson, 1978). 
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The opacity distribution function is found by consider­
ing the rapidly varying opacity in some narrow frequency 
interval Av as shown in Figure la and reducing it to a 
monotonie function. This is done by picking some value of 
the opacity in the interval and then finding the fraction 
of the interval which has opacity greater than that value. 
The result is shown in Figure lb. Once the ODF has been 
found, the interval is divided into a number of pickets 
having height and weight w^ as in Figure lb. The model 
calculation then proceeds using opacity and integration 
weight w^Av in computing the radiative intensity and flux. 
A large set of models computed using ODF*s for the 
molecules CO and CN was published by Bell, et (1976). 
They range in T^ from 3750K to 6000K and in log g from 
-3 -2 0.75 to 3.0. The metal abundances are scaled to 10 ,10 , 
10 10 ^ and 1 of solar. Atomic lines were also 
included in the ODF's, as well as the standard continuum 
opacities. Details of the calculations were discussed in 
an earlier paper by Gustafssôn, et a2. (1975). These models 
are generally considered to be more reliable than those 
of Johnson (1974) and are considered "state-of-the-art". 
This point will be discussed further in Section I.E. 
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Figure la. Variation of opacity over a frequency interval 
b. 
li 
li, 1 \ 1 \ 1 X 1 
Wi 1 \ 
1 Ng 1 1 
0 f 1 
Figure lb. Opacity distribution function for Figure la. The 
opacity is plotted as a function of f, the 
fraction of the interval Av with opacity 
greater than (a sample picket is shown) 
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A statistical method for calculating models has been 
used by Peytremann (1974) and by Sneden, Johnson, and Krupp 
(1976). Johnson's group has dubbed this the opacity 
sampling (OS) method. 
Opacity sampling consists of using a rather large 
number of frequency points and calculating the opacity due 
to all sources, continuum and line, at each frequency. 
Ideally, the best model would be one calculated monochro-
matically using at least as many frequency points as there 
are lines in the spectrum. The OS method uses the minimum 
number of randomly distributed points which yield a model 
arbitrarily close to one calculated using a much larger 
set of points. 
Peytremann reports that 600 points are sufficient, 
while Johnson's group indicates that 500-1000 are needed. 
It is seen that they basically agree. Johnson and Krupp 
(1976) showed a selected model obtained by this method to 
yield a temperature vs. depth relation in close agreement 
with that of Bell and coworkers. 
B. Statement of Problem 
Proper treatment of the radiative transfer problem 
in a stellar atmosphere requires the use of a large enough 
number of frequency points to reproduce the variation of 
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the opacity of the gas with frequency. To adequately 
represent this variation demands that several points be 
used for each absorption line in the spectrum. Typical 
molecular spectra contain from 10^-10^ rotation-vibration 
lines. For low temperature stars, on the order of 10^-10^ 
points are thus needed, depending on the chemical composi­
tion of the star. Even with a large high-speed computer, 
solution of the transfer equation at so many frequencies 
is so prohibitively time-consuming and expensive as to be 
a practical impossibility. Thus some method of attacking 
the problem using a smaller frequency set is needed. In 
the previous section, three methods for doing this were 
mentioned: the straight mean, the opacity distribution 
function (ODF), and opacity sampling (OS). The relative 
merits and drawbacks of each of these will now be discussed. 
Straight mean ; 
The straight mean has the advantages that it is simple 
to calculate and it depends only on the local temperature. 
Therefore it is not tied in any way to conditions in the 
atmosphere of a given star. This allows great flexibility 
in its use, since it can readily be incorporated into a 
general program as a set of tables or fits and computed 
quickly (hence cheaply) for any set of physical conditions. 
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In addition, since it does not depend on the local density, 
the chemical composition of the star can be freely varied. 
Straight means due to several sources simply add 
arithmetically. 
On the negative side, it was shown by Carbon (1974) 
that the straight mean does not yield an accurate model. 
He found that a model computed using a straight mean opacity 
for CN differed by several hundred degrees at some optical 
depths from one computed monochromatically. In some 
portions of the atmosphere, the straight mean model showed 
greatly depressed fluxes in strong absorption bands due to 
an overblanketing effect of the straight mean opacity. This 
overblanketing is commonly ascribed to the fact that the 
straight mean fills in the "flux windows" between lines. 
While only the opacity of CN was considered in this paper, 
it seems likely that the same results would prove true for 
other molecular sources. Further comments on the behavior 
of straight mean opacities will be made in Section II.C. 
Opacity distribution function (ODF): 
The ODF is generally accepted as providing models of 
very high accuracy. Of those methods considered in the 
paper by Carbon (1974) , the ODF yielded by far the best 
results when comparing the final models to one calculated 
on the basis of monochromatic opacities. 
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There are, however, serious disadvantages to the use of 
ODF's. In using this representation for the opacity,- it is 
implicitly assumed that the shape of the line opacity as 
a function of frequency is the same at all depths. This 
assumption is inherent in the use of the ODF because when 
assigning the opacity values for each picket, the highest 
opacities are always taken at the same end of the interval, 
regardless of where in the interval the strongest lines 
might actually lie. The assumption is certainly not true 
when different species dominate the line opacity at different 
depths. The consequences of this shortcoming have never 
been fully explored. 
Since the radiation field must be calculated for each 
picket in the frequency interval, the problem becomes 
computationally equivalent to a monochromatic approach 
using several hundred frequency points. Thus the computer 
time involved (not to mention the expense) is much greater 
than that required for a calculation using a straight mean 
opacity. Indeed, it has been argued that the ODF is little 
more than a straight mean calculated over more narrow 
frequency intervals (Van Paradijs and Vardya, 1975). 
The ODF is often calculated including all opacity sources 
at a series of temperatures and pressures. This results in 
an opacity code which is applicable to only one fixed chemical 
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composition. All models must be produced with the same 
set of chemical abundances. If a change in abundance of 
some element is desired, a new set of ODF's must be produced. 
Since the computation of the ODF's themselves is quite time-
consuming, any study of chemical abundance effects in the 
atmospheres becomes rather expensive. It was suggested by 
Carbon (1973) that single-species ODF's might be more 
practical for the above reasons. However, there is some 
question as to the legitimacy of adding together ODF's for 
different species in the same interval, regarding in par­
ticular the inherent assumption that the relative shape of 
the absorption curve remains constant with depth. While 
Bell's group allowed for this by taking the high absorption 
pickets for CO at the red end of the interval and those for 
CN at the blue end, it is admitted in Gustafsson, et a2. (1975) 
that this probably overblankets the atmosphere. 
Opacity sampling (OS): 
The OS method proceeds in the same fashion as a compu­
tation using monochromatic opacities. The chemical composi­
tion is arbitrary, and all opacities simply add arithmetically. 
So long as the number of frequency points used is sufficient 
(500-1000), the resulting model is quite accurate. 
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The primary drawback of this method is the computing 
time required to produce each model. The molecular opacity 
routines go into great detail (Sneden, et al., 1976) and 
require a significant amount of computer time to scan each 
interval for all the lines contained therein. This fact 
combined with the fairly large number of frequencies at which 
the calculations must be carried out makes the production of 
a single model atmosphere rather expensive. 
In summary, then, all previous methods used to repre­
sent molecular opacity in stellar atmospheres seem either 
to produce poor results or to be inordinately expensive on 
a cost per model basis. It would be desirable to have a 
method which produces a reasonably accurate result at a 
relatively low cost per model. This may be possible by 
using transmission average opacities. 
The transmission average opacity was introduced by 
Pollack (1969a), and was quite successful in producing 
model atmospheres of Venus and Jupiter to match various 
observations as discussed in Pollack (1969b) and Pollack 
and Ohring (1973).. However, it was never applied to the case 
of stellar atmospheres, which involve much higher temperatures 
and several different molecular species. The major problem 
to be addressed in this dissertation is an examination of 
the applicability of transmission averages to the computation 
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of cool stellar atmospheres with the hope of achieving high 
accuracy at low computational expense. 
The formal solution of the monochromatic radiative 
transfer equation leads to the following expression for the 
total radiative flux: 
F(T^) = 
2 - i r  
F^(T^)av = 
• r l  
0-' -1-
y — ^  d x '  V y d y  d v  (1) 
• V 
Here standard notation has been used to represent the 
specific flux optical depth x^, source function and 
direction y(= cos 0). The quantity x^ represents the upper 
or lower boundary of the atmosphere, depending on whether y 
is positive or negative respectively. The integral over 
frequency can be broken into a sum of integrals over small 
frequency intervals. Since there is no dependence between 
direction and frequency, the order of integration can be 
changed. Equation (1) then becomes 
F(x^) = 2TT 
-1 
y I 
A v  
r"^ b 
^ -^avdy ( 2 )  
where subscript i refers to the ith frequency interval. The 
integral over depth can be rewritten to yield 
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F ( T ^ )  =  - 2 t t  U I 
-1 
M v "  
y d v d u .  ( 3 )  
The integration over depth may be performed in terms of 
geometric depth Z rather than optical depth If the 
intervals are narrow enough such that does not vary 
appreciably over the interval, the integral over frequency 
may be moved inside the integral over depth with the result 
that 
Z ,  
F ( Z )  =  - 2 t t  U I 
-1 z 
Sv.(2') 
y 
d v d y  ( 4 )  
A v  
where S is an average value for the source function in 
^i 
interval i. The differential can be taken outside the 
frequency integral and one obtains the relation 
T (7.') 
f :  —  
d v  F ( Z )  =  - 2 i t  U I 
-1 A^i z 
( Z ' ) d  
^i A v  
dy. (5) 
The exponential term varies rapidly with frequency, and a 
large number of frequency points are needed to approximate 
the integral inside the brackets. If the transmission 
average opacity is now defined by 
- T ^ { Z , y )  
T^(Z) 
AVj^ 
d v / A v ^  ( 6 )  
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Equation (5) becomes 
-Tj(Z',y) 
F ( Z )  =  2 TT y  ^  S^^(Z')Av.e 
i 
dx^du- (7) 
-1 '^Vt.(Z) 
In this form the flux can be found if values are known for 
T^. This represents a considerable reduction in the number 
of frequency points which must be considered in evaluating 
the flux as compared to the case of Equation (5). For 
example. Pollack (1969b) used only 13 frequency intervals 
in calculations for the atmosphere of Venus, as opposed to 
the 10^ points which would otherwise be necessary. 
It is important to note that the transmission average 
opacity does not vary linearly with depth. The optical 
depth through two adjacent layers of gas is not equal to 
the sum of the optical depths of the two layers, i.e., 
"^AC ^ "^AB ^BC" 
A rigorous explanation of why this is true is given by 
Pollack (1969a). The nonlinearity can be demonstrated by 
looking at a very simple case. Consider an interval Av^ 
which contains a single line with a rectangular profile, 
with the remainder of the interval being transparent. Now 
consider two adjacent layers of gas at the same temperature 
and pressure, one possibly having a longer path length and 
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hence higher column density of molecules. The two layers 
of gas have identical absorption cross sections over the 
interval Av^ as shown in Figure 2. Here a and b are smaller 
intervals and a + b = Let the constant value of o over 
the interval of width a be a . From the definition of the 
o 
transmission average opacity in Equation (6), it is seen 
that the transmission through one layer in the direction 
y = 1 is given by 
-a nA£, 
" AV, (») 
and that through the other layer by 
where n is the volume density and A l  the path length. Using 
the definition (6), the transmission through both layers is 
-T. -OgnfA&i+A&g) 
® = Av. • ^1) 
It is obvious from (9), (10), and (11) that 
e f e ^^^e (12) 
and hence 
^ + t.;. (13) 
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Figure 2. Variation with frequency of the cross section of 
a fictitious molecular species on some interval 
Av^ 
18 
This behavior will again be pointed out using numerical 
results of transmission average calculations in Section II.B. 
It is seen from Equation (7) that the transmission 
average opacity is formally defined in such a way as to 
correctly reproduce the radiative flux. This is not the case 
for the straight mean and ODF, which simply yield average 
values for the opacity but are not directly connected to 
integration of the transfer equation over frequency. The 
transmission average implicitly allows for the radiation 
flowing through "flux windows" by its definition. For this 
and the preceding reason it may be expected that models 
produced using transmission averages should exhibit a high 
degree of accuracy in the predicted flux and hence in the 
temperature structure. 
Although the transmission average opacity is dependent 
on the density of the gas, it can be calculated as a function 
of only the density of one constituent of the gas. The 
density of this constituent is determined elsewhere in a 
model atmosphere program, and can then be used to determine 
the transmission average for that species. As indicated by 
Pollack (1969a), the transmission average opacities for 
separate species can simply be added together. Thus the 
transmission average opacity allows the chemical composition 
of the atmosphere to vary arbitrarily. Furthermore, in the 
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same fashion as for a straight mean opacity, the opacities 
can be calculated quickly from a set of tables or fits. 
A disadvantage of the transmission average opacity is 
its nonlinear behavior over a given path. This requires that 
special consideration be made for handling integration over 
depth in any program. An existing atmospheres program may 
have to be considerably modified to perform this integration 
properly. 
Overall/ it appears that the transmission average 
opacity combines the desired traits of accuracy and low 
computational cost. The determination of its effectiveness 
in the actual calculation of stellar atmosphere models is 
the subject of this dissertation. Because the calculation 
of the transmission averages is very complex computationally, 
a single dominant opacity source is treated in this analysis. 
Specifically, the opacity due to the CO molecule is included 
in models in the form of a transmission average opacity. 
20 
II. PROGRAMS AND PROCEDURES 
A. Description of Model Atmosphere 
Program ATLAS 
1. Overall program organization 
The program used to compute the stellar atmosphere 
models in this study is a greatly altered version of the 
ATLAS computer code written by Kurucz (1970). The reference 
cited gives detailed descriptions of the physics involved, 
assumptions used, and input and output procedures, as well 
as a FORTRAN listing. Although this original ATLAS program 
had to be extensively revised for application to late-type 
stars, the Kurucz report is a concise account of the overall 
organization of the program and of the general procedure 
for calculating a model stellar atmosphere. 
The largest body of changes to the original program 
in order to make it suitable for application to late-type 
stars was due to Johnson and coworkers. A thorough descrip­
tion of these changes is given by Johnson (1974). The major 
objective of these revisions was to include routines to 
(1) compute the contribution of molecular species to the 
thermodynamic variables necessary for the treatment of con­
vection, (2) calculate equilibrium concentrations of the 
molecular species involved in the equation of state and 
opacity, and (3) calculate the opacities of a few of the more 
important molecular species. 
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The version of ATLAS used for model calculations in this 
work is similar to that described by Johnson (1974), so no 
attempt will be made here to describe the current program 
in detail. A general picture of how the ATLAS program pro­
duces a model atmosphere will be provided along with a 
detailed discussion of the known differences from Johnson's 
program as well as specific changes made for the purpose 
of increasing its utility. 
A logical flow diagram indicating the basic procedure 
for computing a model atmosphere is shown in Figure 3. This 
includes the usual assumptions that the atmosphere is in 
radiative or convective equilibrium, there are no energy 
sources or sinks, the atmosphere is in hydrostatic equi­
librium, the gas is well-approximated by homogeneous plane-
parallel layers, and local thermodynamic equilibrium (LTE) 
is valid. The validity of any of these assumptions can be 
questioned in the calculation of late-type stars, as discussed 
by Johnson (1974) and Gustafsson, et al. (1975). However, 
any attempt to calculate models without making these assump­
tions would severely hinder the production of atmospheric 
models. 
In Figure 4, the major subroutines in ATLAS which carry 
out the calculations corresponding to the various steps are 
indicated. Overall program control lies with MAIN, which 
22 
-[FIND P(TQ) SCALE USING HYDROSTATIC EQUILIBRIUM 
TOTAL FLUX=H^+H 
CALCULATE OR READ IN INITIAL T(Tq) SCALE 
INTEGRATE S_ OVERT,,TO FIND AND H 
CALCULATE CONVECTIVE FLUX AT EACH DEPTH POINT 
INTEGRATE K^+CT^OVER DEPTH 
TO FIND T„ AT EACH DEPTH 
SOLVE MOLECULAR AND IONIZATION 
EQUATIONS AT EACH DEPTH POINT 
USE FLUX RESIDUALS AH TO FIND IMPROVED 
TEMPERATURE SCALE (IF NECESSARY) 
CALCULATE CONTRIBUTIONS TO ALL INTEGRALS 
OVER FREQUENCY, INCLUDING H 
INPUT PHYSICAL PARAMETERS OF MODEL 
(T., log g, CHEMICAL ABUNDANCES, ETC.) 
FOR A GIVEN FREQUENCY, COMPUTE 
KJT,P) AND 0 FT,P) AT EACH DEPTH POINT 
Figure 3. Sequence of steps for calculating a model 
atmosphere 
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MAIN 
READIN 
PRESS 
STATEM 
POPION 
KAPP 
^ * 
ADIAB 
LOOP TO 
CALCULATE 
FREQUENCY 
INTEGRALS 
YES 
STATEM 
POPION 
KAPP 
FREQUENCY 
INTEGRALS 
COMPLETED? 
H KAPP ^ 
INTTAU 
SOURCE JOSH 
, " ' R 
MAPI F 
ANOTHER 
ITERATION? H STOP 
Figure 4. Flow diagram for ATLAS 
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issues subroutine calls to perform the necessary computa­
tions in turn. Many subroutines which perform relatively 
minor functions, or which support indicated routines through 
secondary and tertiary calls, are not shown. Discussions 
indicating the general procedure in each routine follow. 
As the name implies, READIN reads in the desired input. 
Required in every case are the effective temperature T^, 
which determines the amount of flux transmitted through the 
atmosphere, and the surface gravity g, which affects the gas 
pressure. In many instances, specific chemical abundances 
are needed in the model. If no abundance specifications 
are input, solar abundances are assumed. To change the 
abundance of a particular element from its solar value, the 
numerical density must be given relative to the total number 
density including all species. The density is given neither 
as a mass density nor relative to hydrogen. Other physical 
parameters and instructions on program options can also be 
read in. The starting model may be input at this point. 
If desired, READIN will instead calculate a gray model 
approximation as a starting model. The starting model con­
sists of a set of temperatures specified at a given number 
of optical depths. The fixed set of optical depths is 
determined by the user. This set of standard optical depths 
is denoted by and can be measured at any wavelength. The 
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subscript o on any frequency dependent quantity denotes 
that it is measured at the standrad frequency. The value 
of at the surface is 0 and the values at other depths 
must be spaced in equal intervals of the log. 
Once the run of T(T^) is determined, the gas pressure 
is calculated by PRESS. Hydrostatic equilibrium requires 
that 
dT^ k^(T,P) 
where 
9eff = 9 - 9rad 
and 
_ 47r -
^rad 2c ^rad (K^+a^)H^dv (16) 
0 
depending on whether this is the first iteration or whether 
the physical quantities are known. Equation (14) must be 
integrated numerically through the atmosphere. Since the 
T^'s are specified, Ax^ is known between any two depths. 
It is assumed that g is constant throughout the atmosphere. 
Then is known at each depth since the acceleration due 
to radiation pressure can be found from Equation (16) 
A guess is made for P at the deeper point, and STATEM then 
finds the local concentrations of the more important atomic 
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and molecular species. The distribution of atoms over 
ionization states is calculated in POPION for particular 
elements. Subroutine KAPP then returns a value for k^(T,P) 
where including both absorption and scattering 
contributions. The difference AP can then be found from 
Equation (14) and compared to the assumed difference. This 
iterative process continues until the two agree to within a 
certain tolerance. The average of the two values for 
pressure is taken as the correct value. 
After the pressure at each depth has been determined 
STATEM, POPION, and KAPP are called again in turn for con­
sistency. This is done because the final pressure adopted 
at each depth is not the pressure for which the equation of 
state calculations were performed. Although the two are 
extremely close in value, the detailed solution of the 
molecular and ionization equilibrium equations may differ 
significantly. 
The equation of state routine STATEM is the longest 
routine in ATLAS. It is very similar to the routine STATEH 
described by Johnson (1974), though not identical. The gas 
is assumed to be ideal. An outer loop calculates electron 
density by solving the Saha equations involving the neutral 
and singly ionized atoms of various elements. An inner loop 
determines molecular concentrations by solution of the 
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molecular dissociative equilibrium equation 
VB 
= K(T) . (17) 
AB 
In Equation (17) subscripts A and B refer to individual 
elements while AB refers to the molecular combination of the 
two. The dissociation constants K are fit to temperature 
by polynomials of fourth order in 0 where 0 = 5040/T. 
STATEM includes a larger number of elements in the ionization 
equations than does Johnson's STATEH. In addition, the two 
routines use somewhat different sets of molecular species in 
the equilibrium equations. Those atoms included in STATEM 
are listed in Table 1. The molecules entering into molecular 
equilibrium calculations in STATEM are given in Table 2. 
Besides singly ionized atoms, the ions H , Hg, and are 
taken into account when computing electron density. Also, 
the concentrations of TiO, MgH, and CaH are computed for later 
opacity calculations, but these molecules do not enter into 
the molecular equilibrium solutions. These are minor con­
stituents of the gas (Vardya, 1966) and do not affect the 
equilibrium concentrations. 
Subroutine POPION calculates the absolute fractions by 
number of several elements in the neutral state and first two 
positive ionization states. Species.included are He, Si, Mg, 
Al, and of course H, for which only one positive ionization 
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Table 1. Elements included in ionization equilibrium 
equations when solving for electron pressure 
H Si A1 P Cu Sc 
He Mg K S Zn V 
C Ti Ca Mn Zr Sr 
N Fe Li Ba y Cr 
0 Na Be Ni La Co 
Table 2. Species included 
calculations 
in molecular equilibrium 
«2 CO SiOg HNO C^H, S 
^2 CN NO2 C2H CH3 C4 
^2 NO CO2 NgH NH3 N2O 
^2 SiH °3 CHNO NCO N3 
Si2 Sic HgO CH2 NCN CH4 
CH SiN HNC NHg C2N 
NH SiO HCN SiH2 Sic, 
OH HO2 HCO CHgO C2N2 
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state exists. These fractions are required for later opacity 
calculations, although not all the results are used. The 
computations are performed through a call to another routine 
which solves the Saha ionization equations. 
Both absorption and scattering coefficients are computed 
through a call to KAPP. This routine calls a host of others 
to compute the coefficients for the various sources. These 
will be discussed at length in the next subsection. 
At this point, the convective flux at each depth can 
be calculated since it depends only on the run of temperature 
with pressure, which is already known. Convection is handled 
using standard mixing length theory. The formulation used 
in ADIAB is identical to that discussed, e.g., by Mihalas 
(1970). The thermodynamic variables C^, Q, and are 
calculated from tables produced by Johnson (1974) using a 
program by Grossman (1970) to include the effects of 
molecules. 
Computations involving the radiation field are performed 
in a loop which is controlled by MAIN. At each of the 
frequency points specified in the input data, the radiative 
transfer equation must be solved at each depth. Once this 
has been accomplished, contributions are added to such 
integrals over frequency as total flux, radiation pressure, 
and Rosseland opacity. The loop ends when the final frequency 
point has been included in the frequency integrations. 
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The first step at each frequency is to calculate the 
opacity through a call to KAPP. Once the run of with 
depth is known, JOSH is called to compute values for the mean 
intensity (J^), source function (S^), and flux (H^). JOSH 
first calls INTTAU to integrate from the surface inward 
through the atmosphere to calculate the optical depth at 
each level. A subsequent call to SOURCE results in calcula­
tion of S^ at each depth, as discussed in the following 
paragraph. Once the source function is known throughout 
the atmosphere, it is mapped onto a fixed x set. JOSH then 
computes J^ - S^ and H^ on this x set through a matrix 
operation as described by Kurucz (1970). The pretabulated 
matrices are matrix multiplied by the S^ vector to calculate 
the vectors for J^ - S^ and H^ which are then mapped back 
onto the model x set. These matrices are tabulations of 
the first and second exponential integrals at the fixed x 
values and are related to the A and 0 operators, respectively. 
These operators are defined as 
A^[f(t)] = I" f (t) E^ 1 t-x I dt (18) 
0 
and 
0^[f(t)] E I 
0 X 
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The operators are related to the physical quantities by 
= A^[s^(t)] (20) 
and 
= $^[S^{t)]. (21) 
A derivation of these relationships can be found in Mihalas 
(1970). 
In SOURCE, the source function is taken as 
+ "v'^ v (221 
where a = o^/k^ and is found by an iterative method. 
Iteration is necessary since itself depends on through 
Equation (20). Since can be eliminated by use of the A 
operator, the problem can again be solved by matrix opera­
tions. This procedure is also discussed in Kurucz (1970). 
When the calculations of the radiation field in JOSH 
have been completed, the various contributions to the fre­
quency integrals are calculated. The loop is continued 
until the last frequency point has been included. 
When the calculations for radiative flux are finished, 
the total flux at each level is found by adding the radiative 
and convective fluxes. These are then compared with the 
4 
required flux value, oT^, and the flux errors are found. 
These errors are then used to find a new set of temperatures 
which will result in smaller flux errors. 
The new temperatures are computed in the subroutine 
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TCORR. The temperature correction scheme used in most cases 
is essentially the Avrett-Krook procedure. A complete dis­
cussion of this method can be found in Mihalas (1970). 
Modifications to this scheme suggested by Mihalas (1965) when 
the convective flux is large are also incorporated in 
TCORR. In some atmosphere models, other temperature correc­
tion algorithms proved to be more useful. These will be 
discussed later. 
Since the Avrett-Krook method makes corrections to both 
the temperature and optical depth at each level in the atmos­
phere, the corrected T(T^) distribution specifies the 
temperatures at values other than the fixed values which 
ATLAS uses to index depth. It is thus necessary to call 
MAPI, which maps the temperatures onto the fixed set. 
The interpolations in MAPI use the average of forward and 
backward parabolic fits, as indicated by Kurucz (1970). 
After the new temperatures at the standard depths have 
been found, a table is printed containing the beginning 
temperature distribution for that iteration, the run of 
physical variables for the resulting model, the flux errors, 
and the temperature corrections. If ATLAS has not yet 
performed the number of iterations specified on input, the 
new temperatures are adopted and the entire process is 
repeated. Model atmosphere programs in general, and ATLAS 
in particular, do not stop when the model meets given error 
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criteria. This could often result in an infinite loop on 
the model iterations. The user must specify the number of 
iterations desired, and this number is performed. The 
final model is that which the user chooses as meeting his 
requirements. 
2. Opacity sources in ATLAS 
All opacity calculations (absorption and scattering) 
are controlled from subroutine KAPP. However, the contri­
bution due to each source is handled in a different routine. 
Figure 5 indicates the organization of the opacity calcula­
tions, with KAPP having overall control. 
The LINUS subroutine is called if atomic line blanketing 
is to be included in the opacity. The user may specify on 
input whether or not it is desired. The routine for calcu­
lating the atomic line blanketing coefficient is basically 
that referred to as MKC by Johnson (1974). The only differ­
ence is that the fraction of MKC line blanketing actually 
used in calculations of opacity may be specified. The atomic 
line blanketing is based on solar line statistics and is 
calculated using the data and algorithm given by Mutschlecner 
and Keller (1970). The MKC approximation consists of taking 
only half of the calculated line blanketing opacity at wave­
lengths less than 1 y and setting it to zero at longer 
KAPP 
POLYOP POP 
RAYLOP 
LINUS 
OPACIT 
HOP 
HMINOP 
SHOP 
MGIOP 
AVH2M 
AVCOM 
AVCN 
AVH20 
Figure 5. Flow diagram for opacity calculations. KAPP is the controlling 
subroutine 
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wavelengths. This is to account for the fact that many of 
the lines included in the statistics are really molecular 
lines whose opacity is treated elsewhere. The resulting MKC 
value is then multiplied by the parameter CF which is input 
by the user, having a value between 0 and 1. This allows 
the user further flexibility in determining the proper 
amount of blanketing to use, as for example in metal 
deficient stars. 
The majority of opacity routines are called from OPACIT. 
This subroutine initializes required variables and arrays, 
selects those sources for which the opacity is requested by 
the user, and fits the quantities returned by the various 
opacity subroutines into a uniform formalism. The only 
opacity computed directly in OPACIT is that due to Thompson 
4 2 4 
scattering from free electrons given by o = Sire /3m^c , 
independent of frequency. 
HOP calculates the monochromatic absorption cross 
section per neutrol hydrogen atom including both bound-free 
and free-free transitions. Free-free absorption can be 
calculated per neutral hydrogen atom by using the Saha 
equation to find the ratio of HII/HI. This cross section 
is returned to OPACIT where it is multiplied by a stimulated 
emission factor. 
36 
In HMINOP the opacity of the negative hydrogen ion is 
computed. The bound-free cross section and the free-free 
cross section per neutral hydrogen atom per electron are 
calculated. The cross sections are obtained from fits to 
temperature and frequency as made by Gingerich, et a2. (1967). 
The fit for the free-free case includes stimulated emission. 
OPACIT corrects for stimulated emisison in the case of bound-
free absorption. 
The subroutines SHOP and MGlOP compute cross sections 
for bound-free absorption per neutral atom of Si and Mg 
respectively. The lowest few bound states of the outermost 
electrons are included in a hydrogenic approximation. 
Since these absorbers are effective mostly in the far ultra­
violet, they are not really important in late-type stars. 
Stimulated emission in both cases is accounted for in OPACIT. 
Free-free absorption from H2 is calculated in AVH2M. 
The cross section per molecule of per unit electron 
pressure is found from fits to temperature and frequency as 
published by Somerville (1964). These fits include the 
stimulated emission factor. The resulting number is multi­
plied by 1.9 before returning to OPACIT, in accordance with 
a correction recommended by Carbon, et a]^. (1969) . 
Absorption by the CO molecule is treated in AVCOM. A 
-1 
straight mean cross section over 100 cm intervals is fit 
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to temperature, as calculated by Beebe (1969).. In fact, 
these fits were not used in any of the models calculated 
in this work since CO was chosen as the test molecule for 
transmission averages. The routines actually used for CO 
will be described in Section II.C. 
The line blanketing opacity of the CN red system is 
computed in subroutine AVCN. The molecular lines are due 
to numerous vibration-rotation transitions in the electronic 
2 2 band X Z ^ A II of the cyanogen radical. The routine returns 
straight mean averages of the molecular cross section taken 
over 100 cm ^ intervals and fit by polynomials of second 
order in 0. The temperature fits are taken from tables 
produced by Johnson, Marenin, and Price (1972). In the 
calculation of these tables, the straight means are found by 
simply summing the strengths of all lines in an interval 
then dividing by the width of the interval. The line 
strengths include corrections for stimulated emission. In 
the calculation of the straight mean, the line profile has 
no effect. This is because the line opacity is always taken 
as the product of the total integrated line strength and a 
frequency-dependent shape function which is normalized to 
unity. In calculating the straight mean, only the integrated 
line strength is needed. 
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The water vapor molecule is an important opacity source 
in very cool stars. Its opacity is computed in AVH20. The 
calculation of the water opacity proceeds in the same way 
as that for CN, although over a much smaller range of 
frequencies. The fits were made by Beebe (1969) from tables 
published by Auman (1967) for the case of the straight mean. 
Some correction was made by Beebe to Auman's figures to 
agree more closely with observed water vapor absorption 
features. 
The subroutine POP reads the densities of selected 
molecular species into a number of needed arrays. It then 
issues a call to function POLYOP for the combined opacity 
of these sources. 
In POLYOP the total absorption due to various bands 
of 14 molecular sources is calculated. Those molecules 
included are listed in Table 3. Molecular cross sections 
are found using an approximate band method of opacity 
calculation due to Main and Bauer (1967). These opacities 
are neither straight means nor monochromatic values, but 
have similarities to both. Some of the numbers in the opacity 
tables come from Main and Bauer, while others are of unknown 
origin. 
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Table 3. Molecular absorbers treated in POLYOP 
Sic 2 OH 
NH 2 HCN NH 
CH 2 HCO MgH 
C 2 TiO CaH 
C 3 CH 
Finally, RAYLOP computes the Rayleigh scattering cross 
sections for H and H2. The fits to frequency are those used 
by Gingerichf et al. (196 7). 
3. Temperature correction mechanisms 
In addition to specific changes in the opacity routines 
required for the present work, it was sometimes found 
necessary to alter the temperature correction routine TCORR 
in order to obtain convergence for certain models. 
The Avrett-Krook method used in TCORR depends to a 
large extent on a A iteration term. It sometimes fails near 
the surface when there are large differences in opacity in 
different frequency regions (Mihalas, 1970) or when the 
opacity increases as one moves toward the surface (Tsuji, 
1976a), When this happens, the Avrett-Krook method is replaced 
by a simpler correction algorthm which generally works, 
but can not reduce the flux errors to the low values which 
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the Avrett-Krook procedure is capable of attaining under 
optimum conditions. However, errors of less than one percent 
can be obtained in all regions of the atmosphere in which 
radiation carries all of the flux. This method was suggested 
by Pollack and Ohring (1973) and is based on simple black-
body behavior. At the surface, it is assumed that ~ 
and consequently 
4 4 
^1^1 ~ n-1^1 
F 
n-l^l ( 2 3 )  
Here F^ is the required flux (n-1) is an index denoting 
current values of the physical variables, and n is the index 
denoting improved values. Below the surface, taking 
F_ 'V. where K > 2 is a depth index which increases 
from the surface inward, one finds 
n'^ K " n^ K-l n^-l^ K " n-A-l^ _^^ Fj^  ' 
This procedure is based on radiative equilibrium and does not 
work when significant fractions of the flux are carried by 
convection. 
In some cases where convection is carrying a large 
fraction of the flux in the deeper portions of the atmosphere, 
neither the method mentioned in the previous paragraph nor 
the Avrett-Krook procedure is able to reduce the flux errors 
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to a desirable level. When this occurs, a method given by 
Mihalas (1967) for handling convection in the temperature 
correction scheme was used. In general, the method is 
incapable of achieving error levels less than 2% or 3% in 
the convective region of the atmosphere. However, hand 
manipulations of the temperature scale and study of changes 
in the flux between extremes of the temperature at particular 
depths have shown that errors of this size determine the 
run of temperature with depth to within 20K in all cases, 
and in most cases to within lOK. This is quite suitable in 
the study of stellar atmospheres given that the usual 
temperatures at these levels are ^6000K. It should be noted 
here that the method depends inherently on the diffusion 
approximation which holds only for fairly large optical 
depths. Thus for stars in which convection sets in at small 
optical depths, such as in the M dwarf stars, the method 
fails. 
Mihalas suggested first calculating a model in complete 
radiative equilibrium, then using this as a starting model 
to make corrections according to a given procedure. On the 
first iteration, one algorithm is used to produce a convective 
model with flux errors of a few percent. On succeeding 
iterations, another method is used to reduce these errors. 
In practice, it was found that there was no advantage to 
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starting from a radiative model as opposed to an arbitrary 
starting model in which the errors in flux including convec­
tion have already been reduced to a few percent. Choice of 
starting models is simply a matter of the user's preference. 
In ATLAS, when using Mihalas' routine, the proper method to 
use on the first iteration is specified by setting the value 
of a selection parameter in the input data. 
On any iteration, standard correction algorithms can 
be used in the radiative zone. In ATLAS, the method suggested 
by Pollack and Ohring (1973) discussed previously was found 
to work better than the Avrett-Krook method near the boundary 
between the radiative and convective zones of the atmosphere. 
Therefore the method of Pollack and Ohring is applied through­
out the radiative region of the atmosphere. In the convective 
region, the procedures of Mihalas (1967) are employed. These 
procedures are found not to work well when the convective flux 
is less than 1% of the total flux. This suggests the boundary 
be taken at the point where the convective flux is 1% of the 
total. Occasionally, it is necessary to set the boundary 
where the convective flux is somewhat larger than 1% in 
order to prevent a given depth point from shifting back and 
forth between zones on succeeding iterations. 
Formulation of all equations in this discussion follows 
that of Mihalas (1970). To begin, the convective flux is 
computed as 
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F = -^-(9H0)l/2pC T(V-V )3/2(Aj2. (25) 
c 4/2 p E H 
Here, the symbol nabla is defined by 
V E |g| . (26) 
The thermodynamic variable Q = 1 - (g^nT^ ' and has its 
normal connotation, while g, I, and H are respectively the 
effective gravitational acceleration, mixing length, and 
pressure scale height. In a region which is known to be 
unstable against convection, the relation between nablas 
must be 
7R 2 ? 1 (27) 
The temperature gradient which would be necessary in order to 
have the total flux carried by radiation is V„, while the 
adiabatic gradient is V^. The actual gradient in the atmos­
phere is denoted by V, whereas is the gradient within the 
convective elements. For an atmosphere in equilibrium, we 
must also have 
F + F = F = aT^ (28) 
r c o e 
where F^ is the radiative flux. 
Calculation of new V's from a radiative model; 
If a radiative model is used as input, then and 
are known, as well as the run of physical variables. The 
purpose of the first iteration is to obtain a set of V's in 
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the convective zone which will yield a first convective model 
having reasonably small flux errors. For large optical 
depths, one can relate the radiative flux to the total flux 
using the diffusion approximation; 
!£ V (29) 
Combining Equations (28) and (29) gives 
or rearranging terms, 
?R (31) 
o 
One may define 
1/2 a 2 A E ^  (gH0)l/2(&j (32) 
4/2 ^o H 
Then, using (25), (31), and (32), 
A(V - Vg)3/2 = -V. (33) 
Adding and subtracting the quantity (Vg - V^) to one side 
of Equation (33) and rearranging terms yields 
A(V - Vg)3/2 + (V - Vg) + (Vg - V^) = (V^ - V^). (34) 
From Mihalas (1970), 
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16/2 aT^ '' 
(V-Vg)!/: pCp(gHQ) 1/2(^0 
e 
^4 "e 
E B (35) 
where = KP&. Substituting (35) into (34) and defining 
X E (V - Vg)l/2 (36) 
yields the cubic equation 
AX^ + X^ + BX = (V^ - V^). (37) 
Examination of (32) and (35) shows that the coefficients A 
and B are always greater than zero. The relation (27) 
requires that (V^ - V^) > 0 in the convection zone. It can 
be shown with these considerations that Equation (37) has 
one and only one positive real root. Only positive roots 
are considered, again in accordance with (27) and using the 
definition (36). Furthermore, it can be demonstrated that 
Newton-Raphson iteration, with a starting guess X = 0.5 will 
always converge to this root. This fact is exploited in 
2 ATLAS. Once X is known, since BX = and X = V - V^, 
V can be found from 
V = + BX + X^. (38) 
The value of V at each level in the convective region is 
found thusly. On succeeding iterations, or when the input 
model has a convective zone with small flux errors, another 
procedure is used to determine V. 
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Calculation of new V's from a convective model; 
Since convection is a rather efficient mechanism for 
energy transport in stars, only small changes in temperature 
are needed to change the convective flux by substantial 
amounts. Such small temperature changes have very little 
effect on the radiative flux. The object is therefore to 
make small changes in the temperature gradient which will 
yield the needed values of the convective flux. At the last 
point in the radiative zone, the ratio of the temperature 
correction to the temperature is calculated. This is used 
as a scaling factor at the deeper points (in the convection 
zone) to estimate the new temperatures there. The new radia­
tive flux is then approximated at each point by 
F (predicted) = F (old) [1 + (^) ]'^. (39) 
boundary 
From Equation (28) the required value of the convective flux 
is then known. Equation (25) can then be solved for (V - V^) 
using the current values of the various physical quantities. 
Since (Vg - V^) can be found from (35), the actual gradient 
is computed as 
V = (Vg-V^) + + (V-Vg). (40-41) 
The resulting set of V's then determines the new run of 
temperatures in the convective zone. 
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To find the new temperatures, V must be integrated 
inward from the last point in the radiative zone. In ATLAS 
the integrations are performed by simple application of the 
trapezoidal rule, assuming the pressure is unchanged. These 
new temperatures, however, are no longer consistent with the 
values of x at the corresponding points. New values of the 
opacity must be calculated, leading to new values for dP/dx 
at each depth. The new x's are then computed by integrating 
dx/dP inward, again using the trapezoidal rule. This then de­
fines the new T(x) scale. Once again, before continuing, this 
scale must be mapped back onto the fixed xset required by ATLAS. 
B. Calculation of Transmission Average Opacities 
for the CO Molecule 
A survey of molecular opacity sources in late-type stars 
reveals the CO molecule to be an important absorber in cool 
stellar atmospheres (Alexander and Johnson, 1972). Further­
more, the column densities given by Johnson, ^  (1975) 
suggest that CO is a dominant opacity source in K giants and 
supergiants. This molecule has a rather simple absorption 
spectrum and the molecular constants and band strengths 
necessary for computing energy levels and individual line 
strengths are readily available in the molecular spectroscopy 
literature. For these reasons, CO was chosen as an appro­
priate test case for the study of transmission averages. 
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It is assumed for the purpose of the line calculations 
that all the carbon monoxide molecules contain the isotopes 
and ^^0. While this is certainly not true will 
always be the most abundant isotope present and the assump­
tion simplifies the calculations. The adoption of a specific 
ratio would limit the utility of the results in 
regard to flexibility in chemical composition. 
It is further assumed that all molecules of CO exist 
in the electronic ground state. This is a reasonable 
assumption because the Boltzmann equation predicts that at 
temperatures of a few thousand degrees, the occupation of 
the first excited electronic state is negligible. Further­
more, transitions between the ground and first excited 
electronic states occur far in the ultraviolet, where little 
flux is present in the cool stars to be studied here. 
The electron orbital angular momentum in the electronic 
ground state of CO is given by A = 0, where A is the orbital 
quantum number. For this case, the selection rules are 
Av > 0 and AJ = ±1, where v and J are the vibrational and 
total angular momentum quantum numbers respectively. Thus 
the spectrum consists of vibration-rotation transitions. 
Since A = 0, there is no A doubling of the lines. With 
AJ = 0 forbidden, there is also no Q branch. 
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Calculation of the energy levels is necessary for 
computing the Boltzmann factor, since the line strengths 
depend on the level populations. The transition frequencies 
are simply the differences in energy between states. The 
vibrational energy for a state of given quantum number v is 
G.^  = ~ wigXg(v+Y)^  + w^ y^  '^ (42) 
The values used for the various molecular constants were 
taken from Young (1968). These are listed (in cm in 
Table 4. The first term in Equation (42) is the harmonic 
oscillator approximation while further terms are correction 
factors due to the actual shape of the potential well. 
The energy of the rotational levels in a given vibrational 
state is given by 
Fy J = B^J(J+1) - D^j2(j+i)2 (43) 
where 
- ag(v+|) + y^(v+i)2 (44) 
and 
Dy = + 3^(^+1) . (45) 
The first term in Equation (43) again assumes the ideal case 
of a rigid rotor. The second term is a correction accounting 
for nonrigidity in the real molecule. The coefficients B^ 
and D-y. include corrections for vibration-rotation interactions, 
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The energy of a given state is equal to the sum of the 
vibrational and rotational energies. 
Table 4. Molecular constants for CO (cm 
(0 2169.836 
e 
w 13.295 e e 
0) y 0.0115 
e e 
B 1.931285 
e 
a 0.017535 
e 
Yg 1.01 X lO"^ 
D 6.12 X 10"G 
e 
gg 1.0 X 10"^ 
The integrated line strength for a transition is 
calculated from the formula 
E" 
2 "Kt 
-hv 
(1-e cm 
-1 
( 4 6 )  
molec/cm 
Here E" is the energy of the lower state and the last term 
is the correction for stimulated emission. The integer n is 
equal to Av and m is related to J, Using the standard 
notation of a single prime for the higher state and double 
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primes for the lower state, m = -J" for P-branch transitions 
(J* = J" - 1) and m = J" + 1 for R-branch transitions 
(J* = J" + 1). The partition function Q was found from an 
expression given by Pitzer (1953), valid at high temperatures; 
2 
Q = [1 + ^  + ^ + 2xu + Z + (47) 
y(l-e ^) ^ (e*-l) (e^-1)^ ^ 
In this expression, x = Taking - ^oi^x^ and 
B = B - & a one defines 
o e 2 e 
hcu)^  hcB 
u = — and y = — . (48) 
kT kT 
In addition, g = D^/B^ and 6 = a^/B^. Finally, |R7^^(m)|^ 
is the square of the matrix element for the transition. 
The squared matrix elements were computed from the 
formula 
|R^^*(m)| = |M(n)| y'tni' C(v",n)F(m,n) (49) 
where M(n) is the matrix value for a transition with Av = n 
from the vibrational ground state. The functions C{v",n) and 
F(m,n) are taken from Chackerian (1970). These are poly­
nomial fits in v" and m, respectively, to the data of Young 
and Eachus (1967). These fits are valid for J values up 
to approximately 70, but are extended to much higher values 
in the present work as discussed later in this section. In 
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fact, negative line strengths occur for J 100 in the 
P-branch transitions of the second overtone band (n = 3). 
These are subsequently set to zero, resulting in low values 
for the absorption in this band. This should not be a 
problem in the calculation of model atmospheres for two 
reasons. First, the second overtone band is a rather weak 
I 12 -5 band, the value of |M(n)| being reduced by a factor of 10 
from that for the fundamental band (n = 1). Second, the 
second overtone of CO lies in a spectral region of very 
strong absorption by CN, which generally dominates the opacity 
there. Examination of the work of Young and Eachus reveals 
that the second overtone line strengths show extreme variation 
with m (or J). This is probably the reason why line strengths 
in this band are highly inaccurate when the polynomial fits 
are extended beyond the region of validity. In the funda­
mental, the variation with m is nearly linear, and the fits 
should be quite good at all J values. Variation in the first 
overtone band is fairly mild, and the fits for this band 
should be adequate for the purpose of this study. These 
latter two bands have the greatest effect on the atmospheric 
structure. 
As a test of the overall formalism for calculation of 
line strengths, the band strengths of the fundamental and 
first two overtones were calculated for a temperature of 296K 
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at which most laboratory data is obtained. This was done by 
summing the strengths of all the lines in the band. The 
results agreed with the measured values from Young and 
Eachus (1967) to within 0.2%, 0.4%, and 2.8% for the funda­
mental, first overtone, and second overtone, respectively. 
The vibration-rotation lines used in the opacity cal­
culations include all lines with 0 £ v" _< 20 and 0 _< J" £ 150. 
All transitions for AJ = ±1 and Av = 1,2,3 were considered. 
This represents the P and R branches of the fundamental 
and first two overtone bands. The upper limits on v" and J" 
were established by increasing these quantities until the 
increase in the number of lines in the spectral fringes of 
each band was no longer significant. 
The line cross section per atom at any frequency is 
given by the product of the integrated line strength S and 
a shape function which is normalized to unity. Due to the 
low pressures present in the atmospheres of giants and super-
giants, pressure or collisional broadening is ignored in 
this study. A simple Doppler profile is thus adopted and the 
cross section per atom is given by 
' v - v  
o 
(50) 
°'v " TW&T G 
Here is the frequency of line center and Av^ is the Doppler 
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half-width. The total cross section per atom at a given 
frequency is then 
where the index i runs over all lines making significant 
contributions. For this study, only thermal effects on the 
half-width were considered, so that 
where is the mass of the CO molecule. The question of 
turbulent effects on opacity and consequently on the tempera­
ture structure has not been addressed in this study. This 
omission should have little effect on the temperature struc­
ture, since it was demonstrated in the work of Gustafsson, 
et al. (1975) that increasing the total Doppler broadening 
-1 -1 
velocity from 2 km-sec to 5 km-sec changed the model 
temperatures at fixed x values by a maximum of 50°, repre­
senting a difference on the order of 1%. By way of comparison. 
Equation (52) yields thermal Doppler velocities between 1 
and 2 km-sec, depending on the temperature. It is likely, 
however, that addition of a turbulent component to the 
broadening would have some effect on the emergent flux and 
this point will be discussed further in Section III.C. 
(51) 
(52) 
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As indicated in Equation (6), the transmission average 
is defined by the expression 
-T 
e  d v / A v ^ .  ( 5 3 )  
Av^ 
This may be rewritten as 
Av^ 
where (T) is the monochromatic cross section per 
molecule and N is the molecular column density over an 
isothermal path. In an ideal gas at constant temperature 
and pressure, and N are determined, thus = T^(T,P) or 
equivalently = x^(T,N). Using (51) and its supporting 
expressions, can be determined for a given temperature. 
If N is known, x^ can then be found by performing the inte­
gration numerically. In a real atmosphere, of course, the 
temperature and pressure are not constant, but vary continu­
ously. Nonetheless, if the variation in temperature and 
pressure is not too rapid. Equation (39) will yield a 
reasonably good approximation. This will be discussed 
further in the next section. 
Since depends on a molecular line spectrum, it 
varies extremely rapidly with frequency and must be evaluated 
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at a large number of points in any frequency interval. The 
program which was used to compute the transmission averages 
considers a single interval of width 50 cm ^  at a time. 
This width was the maximum size which could be accommodated 
within the storage limitations of the computer used for the 
calculations. Since these are integral expressions, the 
results can be summed (with appropriate integration weights) 
to find the values over broader intervals. A typical line 
width for CO at several thousand degrees is 0.1 cm . The 
cross section 0^ is sampled every 0.01 cm resulting in a 
5000 point frequency mesh in each 50 cm interval. For a 
constant temperature, a 5000 element array for is calcu-
lated. The transmission factors (e ) are then found using 
Riemann integration" for several values of N. These factors 
are stored in running sums, and are printed out when the 
result has been found over the broad frequency interval 
desired. 
The transmission values are calculated for temperatures 
in the range 150OK £ T £ 600OK in increments of 50OK. At 
lower temperatures only the lowest rotational levels in the 
vibrational ground state are heavily populated and therefore 
only a few lines exhibit any strength. Thus the absorption 
over a broad interval is weak. At higher temperatures, the 
density of CO molecules becomes very low and absorption again 
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is weak. Extrapolations outside this temperature range 
should therefore produce no significant errors in the total 
opacity. 
The CO column densities N were taken in the range 
18 23 10 £ N _< 10 . Six values were used, for which log N 
had integer values between 18 and 23. The lower limit was 
chosen because for smaller column densities absorption 
again becomes very weak and other sources will dominate the 
opacity. The upper limit was determined by consulting the 
results of Johnson, et (1975). This is a list of molec­
ular column densities occurring in a set of models computed 
by Johnson. In very few cases does the density of CO exceed 
23 2 10 molecules/cm , and then only over path lengths much 
longer than would be considered in a single T-step in an 
atmosphere. 
Since one of the major problems to be addressed in 
this dissertation is a comparative study between the straight 
mean and transmission mean opacities, it was decided that 
for consistency the straight mean values used should be 
computed from the same line strengths as used in calculating 
the transmission averages. This is easily done because the 
straight mean in any interval is merely the sum of the 
strengths of all the lines in that interval divided by the 
width of the interval. These values were then listed in the 
output along with the transmission averages. 
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A listing of the program XTAV which performs these 
calculations is given in Appendix A for a particular case. 
Some minor changes are necessary when working in a different 
band or when averaging over narrower intervals. 
Perhaps the greatest disadvantage in the use of the 
transmission average opacity is its nonlinearity. Since the 
average is taken over a wide frequency interval containing 
both absorption lines and continuum sources, does not 
exhibit the simple linear behavior in integrating over a 
path which is true of a monochromatic opacity. A power law 
representation was used by Pollack (1969a,b) in the planetary 
atmosphere cases he considered when integrating over paths of 
varying temperature and pressure. Unfortunately, this scheme 
was quickly found not to work for the molecule CO in the 
stellar case. This is probably due to the "open" spectrum 
of CO, for which large fractions of every interval are free 
of lines. These open regions allow 100% transmission regard­
less of the length of the path, and essentially place a 
lower bound on the average transmission in the interval. 
The value of T must thus approach some upper bound in a 
somewhat asymptotic fashion as the path length increases, 
whereas a power law allows T to increase without bound. 
After considerable investigation, the following method 
was found for performing the integrations to find the optical 
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depth T. Consider two adjacent homogeneous parallel layers 
of gas, each characterized by a different temperature and 
pressure. Radiation is incident on the first layer and 
emerges from the second with reduced intensity, having under­
gone attenuation in both layers. Let the transmission 
averaged optical depth of the first layer be while that 
of the second is X2- In the linear case, the optical depth 
T through the two layers would be x, + x^, resulting from the 
-T -"^1 ""^2 
exponential relation e =e e In the case at hand, how­
ever, it is found that the transmission factor e ^  is greater 
-Ti -T, 
than e e and that x < x^ + Xg. The relation which was 
found to best approximate the correct transmission is 
—X ""^1 ^2 e ^  = e ^e (1+t^) (55) 
where x. is the lesser of x^ and x^. Here the factor (1 + x^) 
adds back in that portion of flux which is transmitted between 
the lines but is incorrectly represented as undergoing 
absorption by the product of the exponential factors. 
When integrating over a path of varying temperature 
and pressure, as in an atmosphere, the path must be broken 
into a series of shorter paths over which these quantities 
do not appreciably vary. Equation (55) can then be used to 
find X at points along the path, taking x^ as the cumulative 
optical depth from the starting point and Xg as the depth of 
the next short path length being added on. Admittedly, 
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stepping along the path in this manner using Equation (55) 
seems cumbersome, and this might be particularly disturbing 
in the case of actual use in a stellar atmosphere program 
where temperature and pressure may vary by sizable amounts. 
A numerical experiment was performed to test the accuracy 
of this procedure. Two different models were chosen for 
which the run of physical variables through the atmosphere 
was known, including the density of CO molecules. One 
model exhibited modest amounts of carbon monoxide in the 
atmosphere as with a metal deficient K star, while the other 
showed the large amounts of CO present in a carbon star 
atmosphere. Program XTAV (Appendix A) was modified so that 
the 5000-point grid of values was replaced by a 5000-point 
grid of monochromatic values of x^. These T^'S were computed 
cumulatively starting from the top of the atmosphere and 
working inward. Using quadratic interpolation, the tempera­
tures and CO densities of the model atmospheres were tabulated 
at a set of depths such that the maximum temperature change 
in a single step was 20K. This represents a maximum change 
of 1% in the temperature and an approximately equal change 
in the cross section For each model, XTAV calculated 
the monochromatic optical depth of the last point in the 
atmosphere model at 5000 wavelengths in an interval 50 cm ^  
wide, and then found the transmission average at this point 
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using Equation (53). This process was repeated ten times 
until the transmission average over the entire interval 
1500-2000 cm ^  was known for each model. The reason for this 
choice of interval width is discussed in the next section. 
Because this calculation required a very large amount of 
computer time, it could not be done for every interval of 
interest for CO. However, the behavior of the transmission 
average is similar in all other intervals, and the result 
of the current analysis is expected to apply to all intervals. 
After finding the transmission average at the bottom of 
each atmosphere using XTAV, each model was divided into a 
series of layers, on layer for each fixed point. For each 
layer, the transmission average was found from the previously 
calculated tables using the values of temperature and CO 
density in that layer. The transmission average was then 
integrated through the atmosphere using these values and 
Equation (55). For both models, the transmission average 
optical depth at the last point in the atmosphere found by 
repeated application of Equation (55) differed by less than 
2% from the value resulting from the detailed calculations 
in XTAV. This was deemed suitable justification for use of 
Equation (55) in a model atmosphere program. 
62 
C. Implementation of CO Transmission 
Averages in ATLAS 
One of the basic advantages of the use of transmission 
average opacities is that it should accurately calculate 
the radiative flux using a relatively small number of fre­
quency intervals. A set of such intervals was found subject 
to the requirement that the thermal Planck function for a 
gas at 3000K not vary by more than 3% over any interval in 
the region of the flux maximum in frequency space. This 
degree of variation was suggested from an examination of the 
work of Pollack (1969b) in which 13 frequency intervals were 
used in conjunction with gas temperatures of 200-300K. 
Progressively larger variations were allowed as one moved 
away from the flux maximum into portions of the spectrum 
in which less flux occurred. Far in the ultraviolet, where 
little flux is contributed, somewhat extreme variations 
(200-300%) were allowed. While scattering also contributes 
to the source function, it was not considered in determining 
the size of the intervals to be used. It can be shown 
(Mihalas, 1970) that the mean intensity is generally less 
than at the surface of the atmosphere and that J^->S^(=B^) 
at depth. Thus one can write in terms of as 
where X 1. Using the relation in Equation (22) yields 
(1 - a , A )S = (1 - ct )B (56) 
V V V V 
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where a = o /(< +CT). It can be seen from Equation (56) V V V V 
taking A. 1 that will vary approximately as There­
fore a study of the variation in is sufficient to place 
bounds on the variation of the source function. An 
interval width of 500 cm was found to meet the above 
criteria over most of the spectrum, with wider inter­
vals allowed at high frequencies. A set of 47 intervals 
was chosen. These intervals are listed in Table 5. Most of 
the models calculated in this investigation were found by 
performing frequency-dependent computations using this set 
of frequencies. A few models were calculated using 101 
intervals for the purpose of examining the increase in 
accuracy which might be attained by increasing the number 
of frequency points used. The larger set of intervals was 
derived from the smaller set by reducing the interval width 
-1 -1 to 200 cm over the region 2000-20,000 cm (0.5-5 y). 
This range includes in excess of 90% of the flux from cool 
stars. 
After the intervals over which the flux calculations 
were to be performed were determined, the CO transmission 
averages were -computed using XTAV. Absorption by the CO 
molecule was found over the range 1000-6500 cm ^  on the 47 
interval set and 1000-6400 cm ^  on the 101 interval set. 
The values of the transmission averages (e ) are given in 
Appendix B as tables in T and N for each interval. 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
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Basic set of frequency intervals used in this study 
Endpoints Int. Endpoints 
(cm ~^) No. (cm~^) 
500- 1000 25 12500-13000 
1000- 1500 26 13000-13500 
1500- 2000 27 13500-14000 
2000- 2500 28 14000-14500 
2500- 3000 29 14500-15000 
3000- 3500 30 15000-15500 
3500- 4000 31 15500-16000 
4000- 4500 32 16000-16500 
4500- 5000 33 16500-17000 
5000- 5500 34 17000-17500 
5500- 6000 35 17500-18000 
6000- 6500 36 18000-18500 
6500- 7000 37 18500-19000 
7000- 7500 38 19000-19500 
7500- 8000 39 19500-20000 
8000- 8500 40 20000-20500 
8500- 9000 41 20500-21500 
9000- 9500 42 21500-23000 
9500-10000 43 23000-25000 
10000-10500 44 25000-27500 
10500-11000 45 27500-30000 
11000-11500 46 30000-35000 
11500-12000 47 35000-45000 
12000-12500 
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The CO opacity is found in ATLAS by the subroutine 
AVCOM- The value is then added to the total opacity. 
The original routine was written to return a value for the 
straight mean opacity in a given frequency interval. Since 
comparisons are to be made between models calculated using 
straight mean and transmission average opacities, the tables 
existing in AVCOM were deleted and replaced by tables found 
from the results of the present opacity calculations. This 
assures that the two different opacities are consistent in 
the respect that they are found from the same line data. 
The straight means used in this study were averages over 
100 cm ^  intervals. They were found for intervals from 
1000-6500 cm including lines in the fundamental and first 
and second overtone bands. The straight mean cross sections 
were calculated at the temperatures given in Section II.B. 
and the log was fitted to temperature in each interval 
by a polynomical in T and 0. The fitting parameters are 
given in Appendix C. 
Fitting the transmission averages to temperature and 
column density proved to be difficult. Inclusion of the full 
set of calculated values in the routine as data tables was 
considered. However, this would require an inordinately 
large amount of storage, as well as requiring interpolation 
between values. The method finally chosen was to fit an 
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"effective" cross section per molecule found by dividing 
by the CO column density. In each frequency interval for 
-Ti 
which CO transmission averages have been calculated, e is 
tabulated at 10 temperatures for each of 6 column densities 
(Appendix B). For each column density, the 10 resulting 
effective cross sections are fit to temperature. The fit 
is made to log^g ^eff ^ polynomical of third degree in 0. 
The 10 values of for each column density are thus repre­
sented by 4 fitting parameters, reducing storage requirements 
by 60%. To fit to column density, forward parabolic 
interpolation is used after finding the value of log^^ '^eff 
at the required temperature for each of three tabulated column 
densities. The value of is then the product of and 
the actual column density. As an example, suppose the value 
of x^ is needed at a temperature T^ for a CO column density 
of log N = 19.5. The three values log^g ^ ~ 19)' 
logio Oeff(^o'l°9 ^  20), and log^g ^eff^'^o'^°^ ^  = 21) are 
first found. Using these three values, quadratic interpola­
tion is used to find log^^ Og^^tT^flog N = 19.5). Then 
T. = lo'""' " (57) 
Here i refers to the ith frequency interval. Forward inter­
polation on column density is used because varies more 
rapidly as the column density increases. After x^ has been 
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found, one takes as divided by jpd& where p is the 
total mass density. This value is added to which 
is needed in determining the source function and in evalu­
ating frequency integrals for radiation pressure and the 
temperature correction. 
Different sets of fitting constants had to be found for 
the transmission averages on the 47 and 101 interval fre­
quency sets because the transmission average is tied to the 
size of the interval. Both sets of fitting parameters are 
listed in Appendix C. The fits to temperature reproduce the 
values of log,, a to within an error of 1.6% in the worst 10 eff 
case. Unfortunately, such errors in the log can produce 
errors in and consequently in as large as 50%. 
On the other hand, as regards the calculation of the radiative 
flux, a more important quantity is the factor e . The 
error in this factor is 2.1% in the worst case. In most 
cases, the errors are considerably smaller than these values. 
The effective cross section defined in the previous 
discussion exhibits rather peculiar behavior. It actually 
becomes smaller as the column density increases. Although 
x^ increases with column density as required, the rate of 
increase is much less than linear. Consequently, the 
absorption per molecule drops. This is a reflection of the 
fact that absorption takes place in the lines, and not 
between lines. As the stronger lines become saturated. 
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e ^ 0 in these lines and they can no longer contribute 
to the absorption. Hence increases less slowly as satura­
tion occurs. It can be shown that for weak lines, the 
effective cross section determined using transmission averag­
ing reduces to a straight mean cross section. The proof 
of this statement is given in Appendix D. The numerical 
results of the CO calculations agree with this prediction. 
The greatest values of occurring at the lowest column 
densities, are approximately equal to the straight mean 
values. Whereas decreases with column density, however, 
the straight mean is constant. This suggests that the 
straight mean cross section is generally too large and pre­
dicts more absorption than actually takes place. As column 
density increases, the value of x determined by use of a 
straight mean increases linearly without bound, with no 
allowance for saturation in the lines. 
The x^'s mentioned above are actually Ax^'s found at 
each level in the atmosphere. It is assumed that the tempera­
ture and the volume density of CO molecules do not vary too 
rapidly from one level to the next. The atmosphere is then 
divided into a set of columns whose endpoints lie halfway 
between the depth points at which the various physical 
quantities are known. Exceptions are the "top" and "bottom" 
of the atmosphere, at which the appropriate endpoints are 
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taken equal to the depth points. The temperature and the 
volume density of CO in a column are then taken as constant 
and equal to the values which they have at that depth point 
which is within the column. The resulting column density 
for CO and the temperature are then used to find AT^ over 
the small interval. This is the same procedure as was used 
in the test outlined at the end of Section II.B. with 
satisfactory results. 
Once the Ax^^'s have been determined as in the preceding 
paragraph, they must be integrated through the atmosphere 
using Equation (55) to find the run of with reference to 
a given point in the atmosphere. The changes required in 
ATLAS to perform this function proved to be somewhat clumsy, 
although manageable. It must be stated at this point that 
a basic incompatibility exists between the ATLAS program 
and the use of transmission average opacities. In ATLAS, 
the mean intensity and flux are found through the use of 
A and 0 operators as defined in Equations (18) and (19). 
The derivation relating these operators to the physical 
quantities (Mihalas, 1970) makes use of the relation 
dT^(dS) = dT^(dZ)/]j (58) 
where ja = cos 0 is an indicator of direction, dS is a 
differential path length in direction y, and dZ is the 
differential path length in the normal direction (y = 1). 
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This expression is based on the linear dependence of 
on path length. However, the transmission average opacity 
is definitely not linear. Thus Equation (58) is not valid 
and the whole formalism in terms of A and $ operators breaks 
down. To handle the integrations over direction and depth 
properly would require drastic revisions in ATLAS or the 
creation of an entirely different program. The time involved 
in pursuing either of these avenues would be prohibitive. 
However, an argument can be made that the errors introduced 
by the formalism used in ATLAS will be small so long as the 
run of Twith Z (i.e., in the y = 1 direction) is found 
correctly. The expressions for both and contain a 
term 
in the integration over direction, where x is a specified 
depth and t is a dummy depth variable. The proper choice 
of term in (59) always requires that | (t-T)/ii| _> 0 (see 
Mihalas, 1970) . Thus the exponential always has a negative 
argument and is less than (or equal to) one. Therefore 
the exponential always has its greatest value, and thus makes 
the largest contribution to the integral over direction, 
when u = 1 (normal direction). The run of with Z is 
taken in precisely this direction. Furthermore, as one 
e 
t-x 
y 
or e 
•x-t 
U (59) 
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moves away from the normal, y becomes smaller, the argument 
of the exponential becomes larger in absolute value, and the 
exponential becomes smaller. Thus the contribution to the 
integral over direction becomes smaller in moving away from 
the normal direction. However, it is in moving away from 
the normal that the path length becomes longer as per 
Equation (58) and the error in increases due to the non­
linear behavior of over path. The condition therefore 
results that as the error in increases, the contribution 
to the integral over direction decreases exponentially. 
This integral is thus weighted most strongly toward the 
direction in which is most accurate. When evaluating the 
flux, an additional weighting factor of u is included. Once 
again, this factor gives the greatest weight to the direction 
in which xis properly defined (y = 1) . It was therefore 
decided to proceed with the investigation using ATLAS with 
only minor revisions to find x^(Z). While the errors intro­
duced by the formalism used in ATLAS are expected to be 
small, some uncertainty remains in the models produced using 
the transmission average. This deficiency, along with the 
awkwardness of the modifications necessary to find x^(Z), 
demonstrate that ATLAS may not be the most ideal vehicle for 
use with transmission average opacities. 
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Subroutine AVCOM computes for each column and per­
forms the integrations to find at each depth point. It 
also finds the contribution to the total opacity < for 
inclusion in frequency integrals and determination of the 
source function. 
The values T^(Z) are needed before computing 
and F^. Calculation of these quantities is controlled by 
subroutine JOSH. In JOSH, is subtracted from the total 
opacity and the result is passed to INTTAU, which performs 
the integration over depth. 
After finding the optical depth at each point due to 
the combination of all sources other than CO, the subroutine 
INTTAU sets the total optical depth to 
(total) = T^(CO) + (others). (60) 
Once the optical depths at all points are known, calcu­
lation of the radiation field proceeds in JOSH. 
D. Consistency of Frequency Integrations with 
Various Opacity Representations 
In the calculation of model atmospheres, several 
integrals over frequency msut be carried out, the most 
important being the total radiative flux. The integration 
is performed by Riemann summation requiring specification 
of an integration weight in conjunction with each frequency 
dependent functional value, i.e.. 
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^2 
f(v)dv = %f(g.)Av. (61) 
where is an arbitrary value of v in the interval defined 
by the integration weight Av^ and 
%Av^ = Vg - (62) 
In the evaluation of the total flux, the value of specific 
flux Fp is taken as constant over the interval Av.. 
i 
Obviously, the Riemann sum will best approximate the total 
flux when this constant flux value in each interval is the 
true average in that interval: 
F^dv/Av^. (63) 
Av^ 
The various methods for treating opacity exhibit varying 
degrees of success in reproducing this average flux. 
The transmission average opacity, as discussed in 
Section I.E., is defined in such a way as to closely approxi­
mate the average flux in a specified interval. This approxi­
mation requires that the source function not vary appreciably 
over the interval. If this interval is then taken as the 
integration weight in computing total flux, the criterion in 
Equation (63) is satisfied. Again, transmission averages 
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appear to be a good choice of opacity representation in 
the computation of model atmospheres. 
The opacity distribution function is determined by 
considering the absorption over some interval and then 
dividing the interval into several pickets. The height of 
an individual picket is the average opacity in a narrow 
frequency interval defined by the picket width. This width 
then becomes the integration weight for that picket. Thus 
in any picket the flux is computed from the average opacity 
in a fraction of the broader interval and is properly weighted. 
This may well be the reason why the ODF has been used with 
good results by several investigators. Nonetheless, it is 
the opacity, not the flux, which is being averaged, and the 
method may fail if the source function varies too rapidly 
over the interval on which the ODF is calculated. 
When using straight mean opacities, the value of opacity 
used may or may not be consistent with the integration weight. 
Straight means are usually fitted over intervals of a speci­
fied width (e.g., 100 cm while the integration weight has 
a larger value (typically 300-500 cm . The discrepancy 
can be eliminated by adding together the straight mean 
averages within the broader interval and dividing by the 
width of the interval,. Yet even when the average opacity is 
found over the entire interval, consistent with the integra­
tion weight, the resulting models will not be accurate. 
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This again is because, as in the case of the ODF, the opacity 
is averaged rather than the flux. Unlike the ODF, however, 
the straight mean makes no allowance for variation of the 
absorption within the interval. Thus the straight mean 
fails to meet the requirement that the flux value calculated 
be the average value over the frequency interval considered 
in the numerical integration. 
Flux values calculated by means of monochromatic opaci­
ties are generally inconsistent with the integration weights 
used in evaluating the frequency integrals. The frequencies 
at which the flux is to be found are chosen by some means 
and then the integration weights are assigned, usually 
arbitrarily. If this assignment of weights is not completely 
arbitrary, it generally still does not ensure that the flux 
calculated is the average value in that interval. The 
monochromatic opacity therefore does not yield the proper 
value for the flux in most cases. Of course, the relatively 
slowly varying opacity from continuum sources should intro­
duce only small errors in the flux integrations, while the 
rapidly varying molecular opacities are treated by one of 
the standard averaging techniques. It may be then that use 
of monochromatic opacities for continuum sources, as 
generally practiced, yields results for the flux integrations 
which are only slightly different from those produced by 
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averaging the total opacity or the flux. Consequently there 
would be little difference in the models produced using mono­
chromatic opacities from those models found by employing an 
averaging method. This difference is investigated in this 
study, and will be discussed in the next section. 
E. Models Calculated 
The models computed for the purpose of the present work 
are divided into three basic groups corresponding to three 
different methods for calculating the opacity. For each set 
of model parameters, a model was produced using two or three 
of the opacity methods. The first group consists of models 
calculated by taking monochromatic opacities for the 
continuum sources and straight mean opacities for the molec­
ular sources. Models found using this treatment are desig­
nated MSM (Monochromatic and Straight Mean). In the second 
group, the opacity for all sources, both continuum and 
molecular, is taken as a straight mean averaged over each 
of the preselected 47 frequency intervals. This group was 
calculated to examine the effect of using completely consis­
tent integration weights as discussed in the previous section. 
Models in the second group are designated ASM (All Straight 
Mean). The third group treats the CO opacity by means of 
the transmission average. All other opacities are found in 
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the same way as for the second group. The designation for 
models in the third group is TSM (Transmission and Straight 
Mean). Due to the time required in modifying the opacity 
routines to return straight mean opacities over preselected 
intervals, models using 101 frequency intervals were not 
calculated in the groups ASM or TSM. Instead, a minor 
group for the 101 point models was computed using the CO 
transmission averages, straight means for other molecules, 
and monochromatic opacities for continuum sources. This 
group is designated as MST (Monochromatic, Straight mean, 
and Transmission average). 
The reliability of the models calculated in this work 
is examined using two major sets of tests. The first test 
is to make comparisons between the models calculated in this 
study and state-of-the-art theoretical models from Bell, 
et al. (1976). The second test is to compare the predicted 
flux calculated in the models with real observations of 
cool stars. 
Theoretical models for comparison; 
The theoretical models chosen as the best available 
standards for comparison were those of Bell, et C1976). 
The physical parameters and computational methods used in 
calculating these models are discussed in Gustafsson, et al. 
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(1975). These models were calculated using approaches for 
some physical calculations which are somewhat different from 
those in ATLAS, particularly in computing opacity. The 
opacity is treated by the ODF method which includes atomic 
line blanketing and molecular absorption due to CO and CN. 
ATLAS includes several additional molecular opacity sources 
and treats atomic line blanketing in a completely different 
fashion. Thus under the best of circumstances, complete 
agreement between the two sets of models cannot be expected. 
Only general statements can be made regarding the behavior 
of the models computed using ATLAS in comparisons between 
the two sets. 
Effects of the opacity of CO on the structure of the 
atmosphere will be most apparent when this molecule is the 
dominant opacity source in the star. Examination of the 
molecular column densities published by Johnson, et al. 
(1975) reveals that models in the range 4000 £ £ 5000 
with surface gravities 0 £ log g £ 2 and solar composition 
contain large column densities for CO, while column densities 
for other important molecular sources are orders of magnitude 
smaller. Models from Bell, et (1976) in this range of 
T^ and log g were thus selected as standards for comparison. 
All the models chosen contain solar abundances and were 
calculated using a Doppler broadening velocity of 2 km/sec. 
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The following models were selected: 
T = 
e 
4000, log 9 = 
in 
T3 = 4000, log 9 = 1.5; 
T = 
e 
4500, log 9 = .75; 
Te = 4500, log 9 = 1.5. 
Since all the models in this grid were computed using the 
value of 1.5 as the ratio of mixing length to scale height, 
this value was also used in ATLAS for these cases. 
Models for making flux comparisons with observed spectra ; 
The ultimate test for any model is its ability to 
predict fluxes in agreement with observation. Infrared 
flux measurements made from the NASA-Ames Kuiper Airborne 
Observatory and Learjet Observatory were obtained for the 
stars a Orionis (Betelgeuse), a Tauri (Aldebaran), a Scorpii 
(Antares), and a Bootis (Arcturus). The measurements used 
for a Ori are from Augason, et al. (1978) , and the measure­
ments for the other three stars come from Strecker, et al. 
(1978a,b). In addition flux measurements in the region 
1.2-5.2 y were obtained from Bregman (1978) for the S star 
TV Aurigae. These are ground based observations made from 
the NASA/University of Arizona 60-inch telescope at Mount 
Lemon. All the above spectra were chosen because they show 
obvious CO absorption in the first overtone and no other 
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strong molecular features. Sets of model parameters which 
might reasonably represent the real stars were chosen in 
accordance with Bregman (1978) , Mackle, et al. (1975), and 
Scargle and Strecker (1978). More than one set of parameters 
was chosen for each star since the values for the stars 
are uncertain in most cases. Values of a given parameter 
are generally used which bracket the indicated value for a 
given star. The following sets of parameters are those used 
to calculate models specifically for observational compari­
sons, where oxygen abundance is equal to the solar value: 
T 
e 
3 0 0 0 ,  log g  1 . 0 ,  C/0 0 . 9 5 ;  
^e 
= 3 0 0 0 ,  log g  = 2 . 0 ,  C/0 = 0 . 6 0 ;  
'^ e 
= 3 3 0 0 ,  log g  = 1 . 0 ,  c/0 = 0 . 9 5 ;  
^e 
= 3 5 0 0 ,  log g  = 0 . 0 ,  c/0 = . 0 0 6 ;  
^e 
= 3 5 0 0 ,  log g  = 0 . 0 ,  c/0 = 0 . 6 0 ;  
^e 
= 3 5 0 0 ,  log g  = 0 . 0 ,  c/0 = 0 . 9 5 ;  
'^ e 
= 3 8 0 0 ,  log g  = 0 . 0 ,  c/0 = 0 . 6 0 .  
The mixing length in these models was taken equal to the 
pressure scale height. 
The complete set of model parameters is listed in the 
first four columns of Table 6. The remainder of the table is 
discussed in following paragraphs. In all models, the 
abundances of all elements except carbon were taken as solar. 
Carbon abundance is specified in the table in terms of the 
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C/0 ratio. The value C/0 = 0.6 is the solar value. The ratio 
of mixing length to scale height is denoted £/H. All models 
were calculated using 41 optical depth points, taking the 
first point as T = 0 and assigning values to the remaining 
depths in the range log T = -2.9 to 1.0 in increments of 0.1. 
This set of depths was chosen because it corresponded roughly 
to the optical depths in the models of Bell, et (1976). 
The main body of models was produced using the 47 fre­
quency intervals in Table 5 and included no atomic line 
blanketing. The line blanketing was set to zero since the 
MKC treatment used in the LINUS subroutine in ATLAS was 
found both by previous computational experience and in its 
use by Johnson (1978) to generally overblanket the atmosphere. 
All other opacity sources in ATLAS were included. These 
models are listed under the section labelled LB = 0 (zero 
atomic line blanketing) in Table 6. They are calculated for 
the MSM, ASM, and TSM cases. The three-character designators 
given in the table are used to identify the corresponding 
model listing in Appendix E. In all models, the set of fre­
quency points used consisted of the set of midpoints of the 
frequency intervals. The standard wavelength used in the 
O O 
optical depth scale was 5001 A. The choice of 5000 A as the 
standard was suggested for comparison with the models from 
Bell, et al. (1976). However, this exact value could not 
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be used because for the ASM and TSM models, it lies on the 
borderline between two intervals and would have caused 
O 
problems within ATLAS. Hence the value 5001 A was adopted. 
In the ASM and TSM models, this actually represents the 
O 
average optical depth over the range 5000-5128 A (19500-
20000 cm ^ ). This should not vary appreciably from a mono-
O 
chromatic optical depth at 5001 A since experience with 
ATLAS has shown that in cool stars none of the opacity sources 
included in the program varies rapidly over this interval. 
Although atomic line blanketing is important in deter­
mining the structure of the atmospheres (see, e.g., Johnson 
and Krupp, 1976)^ line blanketing is treated in a very 
approximate way in ATLAS. In order to investigate the effect 
of line blanketing on models computed in this study and to 
estimate how much blanketing should properly be applied, a 
set of models was computed in the identical fashion to those 
outlined in the previous paragraphs except for the inclusion 
of atomic line blanketing. As indicated in subsection II.A.1., 
the degree of blanketing considered in ATLAS is determined by 
setting the value of the parameter CF in LINUS. Previous 
experience has shown that values of CF 2 0 « 4 result in extreme 
overblanketing of the atmosphere. In order to investigate 
the effects of line blanketing several models with LB = 0 
in the range of temperature and surface gravity of interest 
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were recomputed for the MSM and TSM cases using both 0.1 
and 0.3 for the value of CF. These models are identified 
in Table 6 in the sections labelled LB = .1 and LB = .3, 
respectively. 
Finally, one set of models for theoretical comparisons 
and two sets for observational comparisons were chosen for 
recalculation using 101 frequency points in the MSM and MST 
modes. These are listed in Table 6 under the section 101 pts. 
They contain no atomic line blanketing (LB = 0). For the 
larger set of frequency points, the MSM models should be 
expected to give better results than the 47-point models in 
making comparisons against other models or observed spectra. 
Comparison of the 47-point TSM and 101-point MST models should 
give some indication of the number of frequency points 
required when using transmission average opacities. 
All models used in this dissertation were iterated until 
flux errors were under 1% at all points in the atmosphere 
except in convection zones, where 3% errors sometimes occurred. 
Once again, however, it should be pointed out that a 3% error 
in a convective region fixes the temperature within 20K. 
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III. RESULTS 
A. General Characteristics of 
the Models 
Distinct differences are evident among the various groups 
of models calculated in this study, especially in regard to 
the use of the transmission average opacity versus the 
straight mean opacity. Characteristic differences in the 
atmospheric structure of models calculated by these two means 
are pointed out in this section and the different models are 
compared with other theoretical results in section III.B. 
Differences in the behavior of in the atmosphere, as 
measured by the two opacity representations, are also dis­
cussed in this section. Finally, considerable differences 
are found between the fluxes predicted by models using the 
straight mean or transmission average opacities for CO. 
These are briefly discussed in this section and elaborated 
on in section III.C. 
Models computed using transmission average opacities 
for CO were found in all cases to have higher boundary 
temperatures than those found using the straight mean. A 
comparison of the T-P locus for models found using the two 
different methods is shown as an example in Figure 6 for the 
case T^ = 4500, log g = 1.5, C/0 = 0.6, and LB = 0. The 
notation 4500/1.5/0.6 used in the figure to specify T^, log g, 
and C/0, respectively, will be employed throughout the 
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remainder of this discussion. The ASM and TSM model results 
are displayed in Figure 6 because these two groups are 
calculated identically except for the treatment of CO 
opacity and hence provide the most direct comparison between 
use of straight mean and transmission average opacities. 
The point furthest to the left for each curve in the figure 
represents the surface of the atmosphere (T^ = 0). The other 
points along the curves mark the values of temperature and 
pressure at the fixed points in the models. The two 
models show very similar structure through most of the at­
mosphere, with temperature differences of no more than 50K 
_ 3  ('^ '1%) between the two curves. Near the surface (T^ O^ ), 
however, the curves diverge. The TSM model exhibits a 
boundary temperature approximately 30OK higher than that for 
the ASM model, as well as a higher pressure by nearly a 
factor of 2 at the boundary. The extreme cooling in the outer 
layers of the ASM model due to CO using a straight mean 
opacity is in agreement with the work of Johnson (1973). How­
ever, as indicated by Johnson and discussed in section II.C, 
the straight mean predicts too high a degree of absorption 
by not allowing the flux to be transmitted between the 
molecular lines. The resulting high opacity requires a 
fairly steep temperature gradient in the outer layers in 
order to carry the flux, and the temperature thus decreases 
rapidly as one moves toward the surface. The transmission 
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average, on the other hand, inherently accounts for the fact 
that the flux in a particular spectral region, between the 
lines, passes through the atmosphere with no attenuation. 
The lower degree of absorption pursuant to the use of trans­
mission average opacities will thus lead to the expectation 
of a smaller temperature gradient than occurs with the 
straight mean and a consequently higher boundary temperature. 
Early attempts to obtain TSM atmosphere models were 
hindered by the appearance of a temperature inversion near the 
surface, a problem which did not occur in the ASM or MSM 
models. This occurred because as determined by the 
transmission average, generally increases in spectral 
regions of strong CO absorption when moving toward the surface 
of the atmosphere, despite the fact that the CO density is 
decreasing. This is not surprising, since is proportional 
to which increases with decreasing column density as 
discussed in section II.C. This increase in toward the 
surface caused a temperature inversion to appear in the 
outermost layers of the TSM models after several iterations. 
A similar problem in the case of TiO absorption was en­
countered by Tsuji (1967a), who attributed the difficulty 
to failure of the A iteration technique near the surface, 
discounting any physical reality for the inversion. The 
Avrett-Krook method used in ATLAS up to this point does 
indeed contain a A iteration term. When the temperatures in 
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the outer layers were smoothed by hand and the temperature 
correction routine of Pollack and Ohring (1973> used for 
further iterations, converged models with monotonie tempera­
ture scales resulted. 
The predicted flux is shown in Figure 7 for the same 
two models plotted in Figure 6. This is the flux predicted 
by ATLAS as it calculates the model using a given opacity 
representation. The two flux curves agree to within 3% 
of each other except in the regions of the CO first over­
tone (2.35ii) and CO fundamental (4.7y) . Near these band-
heads the flux in the ASM model is only about half the 
value of the flux in the TSM model. In fact, the absorp­
tion feature in the first overtone of the ASM model is so 
deep that the slops of the flux curve becomes positive on 
the redward side of the bandhead, whereas the flux in • 
this region decreases monotonically in the TSM model. 
This again is a reflection of the fact that the straight 
mean opacity (used in the ASM model) predicts much more 
absorption than does the transmission average opacity (TSM 
model). Neither model shows any absorption in the weak CO 
second overtone (1.6y). 
It is seen that definite differences exist between 
models computed using straight mean and transmission average 
opacities. The comparative reliability of these models is 
the subject of the following sections. 
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B. Comparison of Models with those of 
Bell and Coworkers 
Models from the grid of Bell, et (1976) were chosen 
as standards for comparison with models from this study. 
It should again be pointed out that basic differences 
exist between ATLAS and the programs used by Gustafsson, 
et al. (1975) to produce models in the Bell grid. Besides 
the difference in the methods by which the opacity is 
treated in the flux calculations, there are differences in 
the opacity sources included, the origin of some of the 
opacity data used, the molecular dissociation constants, 
the treatment of convective flux, and even the calculation 
of the angular dependence of the radiation field. Because 
of these differences between programs, detailed agreement 
between the models calculated cannot be expected. In 
the area of stellar atmospheres, temperature differences 
of lOOK between models at the same x computed by different 
investigators are common, particularly in the upper layers. 
For example, it is shown by Gustafsson, et (1975) that 
inclusion of atomic line blanketing in a model can cool 
the surface layers by as much as 30OK, and produce back-
warming of the same magnitude at depths x'vlO. Thus, un­
certainties in the line blanketing method used in ATLAS 
can alone result in large differences between the models. 
It is also seen in the work by Gustafsson, and commented on 
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by Johnson and Krupp (1976), that the Bell models are 
generally too hot in the outer layers. In particular, the 
solar model from the Bell grid is 'vlOOK hotter than other 
theoretical solar models, and as much as 300K hotter than 
some empirical solar models. Therefore, the models in 
this grid should not be considered as absolute standards. 
In spite of the various uncertainties involved, the Bell 
models will be taken as essentially "correct", and some 
attempt will be made to judge the accuracy of the models 
calculated in this investigation by comparing them with 
those of Bell. 
As indicated in section II.E the following models from 
Bell's grid were chosen for comparison purposes: 
4500/1.5/0.6, 
4500/.75/0.6, 
4000/1.5/0.6, 
4000/.75/0.6. 
The T-P loci of the MSM, ASM, and TSM models with the same 
parameters and using LB = 0 are plotted against the 
results of Bell in Figures 8-11. Using lOOK temperature 
differences at constant P or T as a rough criterion, 
generally good agreement with the results of Bell is found 
for the case T^ = 4500K, log g = 1.5, except at the deepest 
points where the steep gradient renders temperature com­
parisons meaningless. At these points, however, the 
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differences in the log of the pressure are only about 1% 
at constant T. Examination of all four figures reveals that 
as Tg or log g decreases, the higher regions of the atmos­
phere tend toward lower pressures and higher temperatures 
than those in Bell's models, and the agreement with Bell's 
results becomes poor. The outer layers of the atmosphere 
are the most uncertain in any model, and the lack of agree­
ment seen in these regions is probably due to the serious 
differences between the programs used in the two studies. 
One definite observation can be made at this point: in all 
four cases, the values of both the temperature and the 
pressure at the boundary in the TSM models are found to 
agree more nearly with the boundary values of Bell than do 
those for the MSM or ASM models. The transmission average 
opacity yields temperature differences from Bell's models 
at the boundary of 40-100K, as compared with 120-300K when 
using a straight mean opacity. The pressure at the boundary 
is smaller than Bell's value by factors of 1.4-8 using the 
transmission average, while the corresponding factors are 
4-17 using the straight mean. 
The T-T plots for the same four cases are shown in 
Figures 12-15. Although the abscissa involves T at 5000Â, 
it should be noted that the models calculated in this 
work actually use x at 5001Â (MSM) or averaged over 5000-
5128A (ASM and TSM). The differences should be negligible. 
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however (see section II.E). The figures show generally 
fair agreement with the work of Bell in the central por­
tions of the atmosphere, but the 200-400K differences in 
temperature at depth and in the upper layers are unreason­
ably large. It is the behavior in the upper layers, how­
ever, which is most important in this investigation be­
cause it is this region which is most strongly affected by 
the CO opacity (Johnson, 1973; Gustafsson, et aJ^., 1975). 
Although all the models are too cool relative to Bell's in 
these layers, the temperatures in the TSM models are higher, 
varying from Bell's curves by 50-250K while the temperatures 
in the MSM and ASM models vary by 100-450K. Thus in that 
region of the atmosphere in which CO is an important source, 
models using the transmission average opacity agree more 
nearly with state-of-the-art theoretical models than do 
models using the straight mean opacity. 
It can be seen in Figures 12-15 that only small temper­
ature differences (£50K) exist at the same T value between 
the MSM and ASM models. Figures 8-11, on the other hand, 
show pressure differences at a given depth in the upper 
atmosphere as large as 25%. Differences in the atmospheric 
structure do occur therefore when the total opacity is 
averaged over an interval (ASM) as opposed to using a 
monochromatic opacity for the continuum sources (MSM), as 
discussed in section II.D. In Figures 8-11 it is seen 
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that the MSM models show the better agreement with the 
models of Bell at the boundary, being 40-100K closer in 
temperature and 2-7% closer in pressure than the ASM models. 
Further comparisons between these two methods are made in 
the next section. 
One of the major uncertainties in the models calculated 
in this study is the treatment of atomic line blanketing. 
The models discussed in the previous paragraphs contained 
no line blanketing (LB = 0). However, atomic line blanketing 
affects the structure of the atmosphere, as shown by 
Gustafsson, et aJ^. (1975) and Johnson and Krupp (1976) . An 
attempt was therefore made to examine the effect of line 
blanketing on the models using the approximate atomic line 
blanketing treatment in the subroutine LINUS, and to 
determine how much blanketing should be included. The MSM 
and TSM models calculated using LB = .1 for the case 4500/ 
1.5/0.60 are plotted along with the model from Bell in 
Figure 16. Comparing this figure with the case of zero 
blanketing in Figure 8 shows that the addition of atomic 
line blanketing has shifted the structure of both models 
further from the results of Bell. Increasing the line 
blanketing to LB = .3, as in Figure 17, results in still 
poorer agreement. The same behavior is found for the other 
three Bell comparisons. The change in the models when line 
blanketing is included using the MKC method in LINUS seems 
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also to be in the wrong direction, since comparisons made 
in Johnson and Krupp (1976) show that atomic line blanketing 
should cool the outer layers. The T-x relation for the 
models with LB = .1 displayed in Figure 18 shows heating in 
the outer layers relative to the LB = 0 case in Figure 12 
by several hundred degrees. Addition of atomic line 
blanketing to the models using the MKC method in LINUS 
therefore fails to either adjust the structure correctly 
or to improve the agreement with Bell's models. For these 
reasons, it is concluded that the LB = 0 models are more 
reliable than those computed including any degree of atomic 
line blanketing in ATLAS. 
Results from the models computed using 101 frequency 
intervals are compared in Figures 19 and 20 with the model 
from Bell for the case 4500/1.5/0.60. The MST model is 
closer than the MSM model to Bell's results at the boundary 
by 17% in the pressure and by 160K in temperature. The T-x 
scale in the MST model varies from Bell's in the upper layers 
by at most 200K, as opposed to 200-350K in the MSM model. 
Thus, the MST model, using transmission averages for CO, 
shows better agreement with Bell's model than does the MSM 
model which uses the straight mean. Careful comparison of 
these figures with Figures 8 and 12 reveals that the in­
creased number of frequency points produces better agree­
ment with the Bell model near the boundary. The T-x curves 
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lie closer to that of Bell by lOOK for the transmission 
average models and by 150K for the straight mean models, 
although the agreement is still not good. It should be re­
called that the TSM and MST models, which use transmission 
averages for CO, handle the opacities for other sources in 
the same manner as the ASM and MSM models respectively. 
Although previous results in this section comparing ASM 
and MSM models suggest that the differences thereby intro­
duced are slight, direct comparisons between the TSM and 
MST models should be made with caution. A final observa­
tion which can be made in comparisons between the above 
figures is that in the uppermost layers of the atmosphere, 
the 47-point TSM model yields better agreement with the 
model of Bell than is achieved by the 101-point MSM model. 
This is true in terms of boundary temperature (by 200K), 
boundary pressure (by 15%), and T-x relation (as much as 
lOOK). Thus a model using transmission average opacities 
appears to produce better results than a model using straight 
mean opacities with more than double the number of frequency 
points. The transmission average opacity in this case is 
seen not only to be a better method of opacity represen­
tation than the straight mean, but also to yield reasonably 
good results using a relatively small number of frequency 
points. 
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C. Comparison of Flux Predicted by Models 
with Observed Flux Curves 
1. Preparation of flux measurements 
The flux measurements for the stars used in this study 
were provided as a set of infrared flux values at discrete 
wavelengths. In the case of TV Aurigae, the ground based 
measurements have been carefully smoothed to subtract 
telluric features (Bregman, 1978). Flux measurements 
for a Orionis, a Scorpii, a Bootis, and a Tauri (Augason, 
^al.., 1978; Strecker, et al., 1978a,b) were made 
from the NASA aircraft at high altitudes where most telluric 
sources have no effect. However, there is some contamina­
tion in the measurements due to CO^ features centered at 
2.69 and 2.77y. Therefore flux measurements between 2.5 
and 3.Op are ignored as suggested by Augason (1979). This 
is an unfortunate circumstance since this region includes 
the redward edge of the CO first overtone band, which is 
an important feature in the spectra. Nonetheless, absorp­
tion in the first overtone is clearly visible in the spectra. 
Since the flux measurements are made at the earth and 
the models predict the flux at the star's surface, the 
observations must be dereddened before comparisons can be 
made. The dereddened flux value is determined from the 
measured value from the relation 
0.4 A, 
F^ = F X 10 ^ (64) 
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where is the interstellar extinction in magnitudes. 
The expression 
= 1.6 (65) 
where À is in p, is taken from Scargle and Strecker (1978) 
in the infrared range as determined from the data of Hack-
well and Gehrz (1974). Values for the color excess are dif­
ficult to find for some stars. Therefore, the results of 
Hackwell and Gehrz are used taking R = 3.4 in the relation 
A^ = RE(B-V). (66) 
While the value of R can vary widely (Johnson, 1968) , a 
factor of 2 difference in this parameter will result in a 
maximum error in the dereddened flux on the order of 10% 
in the infrared. This results in only small changes in the 
shape of the observed flux curve and should not seriously 
affect the results of subsequent analyses. Substituting 
Equation (66) (with R = 3.4) into Equation (65) then 
yields 
A^ = 0.47 A^X"^*^. (67) 
Equation (67) is then used to deredden the flux data. The 
values of A^ for a Ori and a Sco are taken from Lee (1970) 
as 0.5 and 0.9, respectively. The value for TV Aur is taken 
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as 1.0 from Bregman (1978), while = 0 for both a Boo 
and a Tau due to their proximity to the sun (r<20 pc for 
both from Abell, 1969). 
Since the flux measurements were made at a large 
number of closely spaced points, the fluxes may be plotted 
as continuous curves by joining the values at adjacent 
points by a straight line, with two exceptions. First, no 
measurements were made for TV Aur in spectral regions where 
telluric extinction is a problem. This spectrum is there­
fore plotted in five segments. Second, no observed flux 
values are used for the remaining stars between 2.5 and 3.Op. 
This region is represented by a straight line joining the 
two flux points nearest these wavelengths, although this 
line certainly does not accurately portray the flux in 
this interval. However, numerical tests showed that the 
fitting procedure described in the following subsection 
produced very similar results whether using a straight line 
or a more realistic guess for the flux in this region. 
2. Description of fitting technique 
No attempt is made in this study to compare the 
absolute flux values computed from the models with the 
measured flux values for real stars. Only fits to the 
general shapes of the observed spectra are tried. For 
this reason, the measured fluxes for each star are 
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normalized to unity. 
One method which might be considered when trying to fit 
the flux from a model to that of a star would be to find 
the total flux of both in the frequency range in which the 
matching is being attempted, and then to normalize the two 
fluxes to the same value. This is not done in this investi­
gation since there is no reason to expect that the two flux 
values, integrated over only part of the spectrum, are equal. 
Instead, the method discussed below will be used. This 
method is equivalent to sliding the predicted flux curve 
from the model up and down relative to the observed flux 
curve until the best fit is found. 
A quantitative measure is obtained for each fit in 
order to give some indication of the degree to which the 
predicted flux matches the observed spectrum and to allow 
direct comparisons between the fits for different models. 
The stellar spectrum is taken as a continuous curve by con­
necting the measured flux values at the various wavelengths 
by straight lines, as previously discussed. The predicted 
flux from a model consists of a set of predicted flux 
values at a discrete number of wavelengths. The best fit 
for this set of points to the observed flux curve is found 
using an analysis similar to least squares fitting. Since 
there is no mathematical relation which will represent the 
observed flux, the sum of squared residuals must be 
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minimized numerically. At each of approximately two hundred 
wavelengths a value for the sum of squared residuals is 
found by the following method; 1) at a particular chosen 
wavelength, it is assumed that the flux predicted by the 
model is equal to the normalized flux value for the star; 
2) the flux value from the model is found at this wavelength 
by linear interpolation between the two nearest tabulated 
values; 3) each of the tabulated values from the model is 
multiplied by the numerical factor which is necessary to 
satisfy the equality in 1); 4) for the resulting set of 
points, the sum of squared residuals is calculated. Once 
the entire set of sums has been computed, the smallest value 
2 is chosen and a correlation coefficient (R ) which gives 
some indication of the closeness of the fit is calculated. 
2 The value of R is found for a given model from 
Z ( F . - F )  2 - Z ( F  - F  ) 2  
2 i i R = ^ . (68) 
Z ( F . - F ) ^  
i 1 
Here the sum on i runs over the discrete wavelengths at 
which the model predicts flux values. The symbol F^ de­
notes the predicted flux at F is the simple mean of 
the F.'s, and F. is the normalized flux at X. as determined 11 1 
2 from flux measurements for the star. This value of R 
represents the best fit for the model with respect to a 
given star. 
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Experience in calculating the correlation coefficients 
2 
showed a numerical uncertainty exists in the value of R 
as large as 0.005. For this reason differences of less 
than 0.01 between the coefficients for two fits will be 
2 
considered as not statistically significant. Values of R 
greater than 0.9 indicate generally good fits, while values 
less than 0.8 are quite poor. 
3. Analysis of model fits to a Orionis 
Scargle and Strecker (1978) arrived at a value = 
3580K for a Orionis (Betelgeuse) from a model atmosphere 
analysis. The model which they indicated as giving the best 
overall fit to the spectrum of Betelgeuse used nearly the 
same parameters as the models with 3500/0.0/.006 calcu­
lated in this study. These models were therefore chosen 
for comparisons. However, other workers have found higher 
effective temperatures to be more reasonable for this 
star. Tsuji (1976b) gives T^ = 3900 + 150K for a Ori from 
model atmospheres with solar composition. Thus the models 
with 3800/0.0/0.60 from this dissertation were also selected 
for the analysis. Considering this latter set of parameters 
first, the models from the LB = 0 (unblanketed) group are 
compared with the spectrum of Betelgeuse for the MSM, ASM, 
and TSM cases in Figures 21-23. The size of the frequency 
intervals used in the models allows rough comparisons to be 
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made directly between the model fluxes and observed spectrum 
at the resolution with which the measurements were made. A 
more accurate analysis requires that the model fluxes be 
convolved with an instrument profile, as will be discussed 
2 
shortly. As indicated in the figures, the values of R 
for the fits are 0.695, 0.863, and 0.945 for the MSM, ASM, 
and TSM models respectively. In this case it is seen that 
the MSM model gives the poorest results while the TSM model 
yields the best agreement. However, only one set of model 
parameters has been considered up to this point, and this 
result can not be considered conclusive. Comparison of 
Figures 21 and 22 shows that the flux in the MSM model 
varies more radically than for the ASM model. In particu­
lar, the MSM model shows a deep absorption feature in the 
CN band near 1.7% which does not appear in the ASM or 
TSM models, nor in the observed spectrum. This is probably 
a spurious feature caused by the relatively small number 
of frequency points (47) used in the model. In this 
instance then, the ASM model, which averages all opaci­
ties over the frequency interval used as the integration 
weight, demonstrates a definite improvement over the use 
of the monochromatic approach. This is reflected in the 
relative sizes of the correlation coefficients for the two 
models. The MSM and ASM models, using straight mean 
molecular opacities, both show deep absorption in the CO 
121 
first overtone band at 2.35vi. The TSM model on the other 
hand predicts only a small amount of CO absorption (Figure 
23). None of the models predict fluxes which provide a 
good match to the observed shape of this feature, the MSM 
and ASM fluxes being too low by about 40% while the TSM 
flux decreases monotonically. For all three models, the 
predicted flux in regions of strong CO absorption is de­
pendent on the CO opacity used in that model. It is thus 
necessary to find some objective means of comparing the 
fluxes predicted by various models. One way to do this 
is to compute the flux predictions using the same program 
for all models, with the structure of the atmosphere as 
determined by each model as input. In order to make the 
resulting flux predictions meaningful in comparisons with 
observed spectra, a synthetic spectrum generator (SSG) 
should be used. 
A SSG program was obtained from Augason (1976, 1979) 
for use in this investigation. The program computes 
the radiative flux monochromatically at a large number of 
frequency points, accounting for continuum sources and 
individual absorption lines. The program then convolutes 
the monochromatic fluxes with an instrument profile repre­
sentative of the NASA-Ames Kouiper Airborne Observatory 
telescope, with which the observations were made. Because 
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the SSG program computes the flux at such a large number of 
frequency points, its use involves considerable expense. 
Therefore, the emergent flux was computed only over a small 
frequency interval on each side of the CO first overtone 
band (3350-3800 cm ^ and 4000-4400 cm for a limited 
number of models. The MSM and TSM models for comparison 
with a Ori were chosen for this purpose. For each model, 
an emergent flux curve was adopted by replacing the flux 
values predicted by the model with those predicted by the 
SSG in the spectral regions where the SSG was used, while 
retaining the model predictions outside these regions. 
The MSM and TSM models with 3800/0.0/0.60 and LB = 0 
(Figures 21 and 23) can now be reconsidered. The predicted 
flux from the model and the composite flux using the results 
of the spectrum generator (denoted SSG) for the MSM model 
are both compared with the observed flux of a Orionis in 
Figure 24. In this figure, the best fit to the a Ori 
spectrum is shown for each of the two flux curves from the 
model. It is seen immediately that the flux predicted by 
the model differs drastically from that predicted by the 
SSG for the same model in the CO first overtone. The 
straight mean opacity used in this model predicts far too 
much absorption and results in an unrealistically deep 
feature in this band. The flux predicted by the model is 
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Figure 24. Fit for SSG flux from model A01 
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thus completely unreliable. Whereas the model itself pro­
duces a fit with a correlation coefficient of 0.69, the best 
2 fit which the more realistic SSG curve can attain has R = 
0.61, considerably lower. Thus the fit obtained using the 
fluxes from the MSM model cannot be accepted as a realistic 
indicator of the reliability of the model. 
The same comparisons for the TSM case are shown in 
Figure 25. Here the original model flux and the SSG flux 
are nearly identical. There is only a very small, probably 
not even significant, difference in the correlation coeffi­
cients (0.945 versus 0.940). The flux predicted by the 
transmission average opacity is seen to be highly reliable. 
In comparing the correlation coefficients for the MSM 
and TSM models from the SSG results (0.61 and 0.94, respective­
ly) it is tempting to declare that the transmission average 
opacity yields a much better model than does the straight 
mean opacity. It must be noted however that the absorption 
features in the MSM model at 1.4 and 1.7% are probably 
also unrealistic, and the use of more accurate flux values 
2 in these regions might greatly increase the value of R . 
Thus at this point, no determination can be made as to which 
model is more accurate on the basis of flux comparisons. 
It can only be said that the TSM model makes better flux 
predictions than does the MSM model. Some information can 
be obtained, however, by examining the integrated CO column 
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densities in the two model atmospheres. The column density 
of CO in the atmosphere of a Orionis was estimated to be 
23 2 1.1 X 10 molecules/cm by Augason (1976) with a lower bound 
23 2 
of 0.5 X 10 molecules/cm . This result was obtained by a 
model atmospheres analysis using the state-of-the-art 
opacity sampling models (unpublished) discussed by Johnson 
and Krupp (1976). The MSM model being considered here 
23 yields a column density for CO of 0.70 x 10 molecules/ 
2 23 2 
cm , while the TSM model yields 0.92 x 10 molecules/cm . 
Although both results lie within the lower error bound 
established by Augason, the TSM density is more nearly in 
23 
agreement with the favored value of 1.1 x 10 molecules/ 
2 
cm . This suggests that the atmospheric structure in the 
TSM model may indeed represent that of a Ori more closely 
than does the structure of the MSM model. 
Examination of Figures 24 and 25 reveals that neither 
model yields a flux curve which reproduces the depth of the 
CO feature at 2.35y very well. This point is discussed 
later in this subsection. 
Models with 3500/0.0/.006 are considered next. Figure 
26 shows the predicted flux from the MSM (LB = 0) model and 
from the SSG for this model. In this case the model pre-
2 dictions fit the spectrum of a Orionis with a value R = 
0.893, much better than the 380OK model, due to the lack 
of spurious flux values near the flux peak. Again, however. 
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the more accurate SSG fluxes drop the value of the correla­
tion coefficient to 0.821, a significantly lower value. 
In Figure 27 the same information is shown for the TSM model. 
2 The TSM model predicted fluxes fit with R = 0.864, some­
what lower than the value for the MSM model. However, the 
2 SSG predictions for the TSM model produce a value R = 
0.845 for the fit, a much smaller drop than for the MSM 
model. The TSM model has again demonstrated more reliable 
flux predictions. In fact, the SSG results for the TSM 
model show slightly better agreement with the observed 
spectrum (R^ = 0.845) than do the MSM results (R^ = 0.821). 
For both sets of model parameters considered so far, the 
models computed using a transmission average opacity for 
CO have yielded better fits than those using a straight 
mean opacity. Because the flux predictions from the MSM 
models have been shown to be unreliable, these models will 
not be used in any further attempts at spectrum matching. 
Only TSM models will be used for this purpose. 
The models with 3500/0.0/.006 represent severe deple­
tion of carbon relative to the solar abundance. It is there­
fore unreasonable to expect that these models might match 
the strong spectral features in a Orionis which are due to 
carbon-containing molecules. Indeed, the CO column densi­
ties in these models for both the MSM and TSM cases are 
nearly a hundred times smaller than the value from Augason 
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(1976). Thus the relatively poor fits for these models 
2 (R ^ 0.8) may ju&t as well be due to chemical abundance 
as to the value of effective temperature. For this reason, 
models were calculated with solar abundances and the 
same values of and log g (i.e., 3500/0.0/0.60). The flux 
from the TSM model is shown in Figure 28. The correlation 
2 
coefficient for the fit is now R = 0.907, considerably 
better than for the model with carbon depletion. One can 
go a step further and enhance the abundance of carbon rela­
tive to the solar value. The flux from the TSM model with 
3500/0.0/0.95 is seen in Figure 29. Here the value of R^ 
is 0.892, a slight drop from the solar value. It is seen 
that even with this enhanced abundance of carbon, the 
absorption in the CO first overtone does not cause the flux 
from the model to vary from its monotonie behavior in this 
region. It is apparent therefore that the depth of this 
feature cannot be matched by simply adjusting the chemical 
composition. In addition, comparison of Figures 23 and 28 
reveals that changes in effective temperature will not have 
a great effect on this depth. Examination of the flux pre­
dictions from other models in this investigation shows that 
higher surface gravities also fail to increase the absorp­
tion in this band significantly. What then causes the 
extreme depth observed in the spectrum of Betelgeuse and 
other stars? One possible answer is microturbulence. 
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Although turbulence has been shown to have little effect on 
the temperature structure, turbulent broadening in the ab­
sorption lines can affect the emergent flux by partially 
filling in the "windows" between lines. In fact, the 
analysis by Augason (1976) determined a turbulent velocity 
of 4+1 km/sec for the atmosphere of Betelgeuse. This 
would require a Doppler width roughly triple the value used 
in the models considered here. A simple numerical test 
using the SSG program revealed that inclusion of such turbu­
lent broadening in computing the flux from an existing 
model produced considerable deepening of the CO first over­
tone absorption relative to the case in which turbulence is 
ignored. Neglect of this turbulent broadening must be 
considered a shortcoming of the models in this study. 
Of all the unblanketed (LB = 0) models considered for 
comparison with the spectrum of a Orionis, the best results 
were obtained for the model with 3800/0.0/0.60 using trans­
mission average opacities for the CO molecule. The cor­
relation coefficient of 0.94 for the SSG flux from this 
model is very good, while the value = 3800 is in accord 
with Tsuji (1976b). While uncertainties in the models make 
any speculation as to the accuracy of this value for the 
effective temperature difficult, it is estimated that the 
correct value for Betelgeuse is in the range 3700 £ T^ 
< 3950K. 
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In order to test the effect on the models of the MKC 
atomic line blanketing method in LINUS, the TSM model with 
3800/0.0/0.60 and line blanketing LB = .3 was run through 
the SSG. The resulting flux predictions, along with the 
predicted flux from the model, are shown in Figure 30. 
Again, the flux predicted by the model is quite close to 
that found using the SSG program. In this case, the SSG 
flux is characterized by a slightly higher value of the 
correlation coefficient than that found for the model flux. 
However, the difference between the two is less than 0.01 
and may not be significant. The fit for the SSG flux in 
2 this model (R = 0.929) is somewhat poorer than that for 
the LB = 0 model (R^ = 0.940) in Figure 25. While this dif­
ference can be considered only marginally significant, it 
suggests that the LB = 0 model is a better approximation 
to the atmosphere of Betelgeuse than is the LB = .3 model. 
23 The CO column densities in the atmospheres are 0.92 x 10 
23 2 
and 0.45 x 10 molecules/cm for the LB = 0 and LB = .3 
models, respectively. The LB = 0 model is much closer to the 
23 2 
value 1.1 x 10 molecules/cm from Augason (1976), while 
23 the LB = .3 model lies below the lower bound (0.5 x 10 
2 
molecules/cm ) given by Augason. The combination of the 
analyses from correlation measures and column densities 
indicates that the best value for the atomic line blanketing 
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parameter in LINUS is zero. Although line blanketing is 
important in the atmosphere, the procedure used in ATLAS 
yields poor results. 
While the 3500/0.0/.006 models were shown to be poor 
fits for a Orionis, it is interesting to examine the 
effect on these models of using the 101-point frequency 
set. The model flux and SSG flux is compared with the a 
Ori spectrum for the MSM and MST models in Figures 31 and 
32. It should be noted in these figures that the dif­
ference in correlation coefficients between the model and 
SSG flux predictions is 0.01 for the MST model, while for 
the MSM model this difference is 0.04. The fact that the 
2 
change in R is smaller for the MST model once again 
indicates that the transmission average opacity produces 
better flux predictions than the straight mean opacity. 
It is seen that the SSG flux predictions for the two models 
are nearly identical, as indicated by the nearly equal values 
2 
of R for the two. This is not surprising since these 
models exhibit very low CO concentrations, and the CO 
opacity can therefore have little effect on the atmospheric 
structure in the models. Comparing the MSM models in 
Figures 26 and 31 reveals that the fit of the SSG flux to 
2 2 the stellar spectrum improves from R = 0.82 to R =0.87 
in going from a 47-point frequency set to a 101-point 
frequency set. Increasing the number of frequency points 
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used has resulted in somewhat better agreement with an 
observed spectrum. Comparisons between the 47-point TSM 
model and 101-point MST model must be made with caution 
since the opacities for sources other than CO are treated 
differently in the two cases. Nonetheless, if one ignores 
these differences, comparison of the SSG results for these 
models in Figures 27 and 32 would suggest that the improve­
ment in the model resulting from doubling the number of 
frequency intervals when using transmission averages is 
small ('V'2%) . This is less than the 5% improvement gained 
when using straight mean opacities. 
Finally, the effect of using a larger frequency set 
can be examined for the 3800/0.0/0.60 models. The results 
from the 101-point MSM model are shown in Figure 33 while 
those from the MST model are displayed in Figure 34. Exami­
nation of the fluxes in the first overtone of CO shows once 
more that the model using transmission average opacities 
yields much better flux predictions than the model using 
the straight mean opacity. Especially striking is the 
change in the MSM model when increasing the number of 
frequency points used, as can be seen by comparing Figures 
24 and 33. The correlation coefficient for the fit of the 
model flux increases by nearly 0.2 (from 0.694 to 0.887), 
due largely to the removal of the spurious absorption at 
2 1.7iJ. On the other hand, the change in R for the model 
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flux between the transmission models (Figures 25 and 34) 
is only 'vO.Ol, barely significant. Furthermore, the SSG 
fluxes for the two transmission models produce essentially 
identical correlation coefficients (0.940 for the TSM model 
and 0.939 for the MST model). Those differences which exist 
in the flux between the two models around 1.4y are due to 
the use of straight mean opacities for CN and do not re­
flect on the effectiveness of the transmission average 
opacity. Thus in this case, no advantage is seen in in­
creasing the number of frequency intervals from 47 to 101 
when using transmission averages. It is seen that the 
SSG fluxes for the 101-point MSM and MST models are nearly 
the same. This is probably because the CO lines are 
strong only in relatively narrow regions in the infrared and 
only in the upper atmosphere, whereas the flux essentially 
emerges from the deeper regions of the atmosphere. In 
these lower regions, the CO opacity has little effect 
(Alexander and Johnson, 1972), and the structure of the 
atmosphere is nearly the same for the models, as discussed 
in section III.B (Figures 12-15). The column density of 
CO can once more be considered in trying to decide which 
of the two models is a more reasonable approximation to 
the atmosphere of a Orionis. The density in the MSM model 
23 2 is 0.77 X 10 molecules/cm while that in the MST model is 
23 2 0.88 X 10 molecules/cm . While both these values are 
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within the error bound given by Augason (1976) , his best 
23 2 
value of 1.1 X 10 molecules/cm tends to favor the MST 
model, which was computed using transmission average 
opacities for the CO molecule.. 
4. Model fits for other stars 
In the preceding subsection it was shown that the flux 
predictions from models calculated using the straight mean 
opacity are not reliable. Therefore the MSM and ASM models 
are not used in this subsection. In addition, the models 
with atomic line blanketing parameter LB = .1 and LB = .3 
were found to be inaccurate. These models are also not used. 
For most sets of model parameters, furthermore, 101-point 
models and SSG fluxes were not calculated due to compu­
tational considerations. Thus the only models considered in 
this subsection are the 47-point TSM models with no atomic 
line blanketing (LB = 0), for which the flux predicted by 
the model is reasonably accurate. 
Differences in effective temperature of 200K between 
models produce readily observable differences in the pre­
dicted emergent flux. Changes in the slope of the continuum 
regions of the flux curves are particularly evident for 
models with different effective temperatures. This fact is 
useful in the analysis of observed spectra, and is utilized 
in the following comparisons. 
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TV Aurigae; 
The star TV Aurigae is an SRB variable with an amplitude 
less than one magnitude and a period of 182 days (AAVSO)• 
Of the four cases considered, the two best model fits to 
the TV Aur spectrum were obtained from the models with 3000/1.0/ 
0.95 and 3300/1.0/0.95. The resulting fits are displayed in 
Figures 35 and 35. It is important to note here that the cor­
relation coefficient determined for a fit to TV Aur is based on 
only 6 flux points since residuals cannot be calculated in 
those regions where no flux measurements for the star are avail-
2 able. Thus the significance of the value of R can be ques­
tioned, and visual examination of the figures should be em­
ployed. It is seen in the figures that neither of the correla­
tion coefficients obtained is very high. The extreme depth of 
the absorption in the CO first overtone band cannot be matched 
by the models. Therefore high coefficients cannot be obtained. 
Keeping in mind the previous cautions, one sees that the value 
2 
of R is slightly higher for the higher temperature model. 
More importantly, the flux from the 3300/1.0/0.95 model can be 
seen to agree more nearly with the slopes of the observed 
spectrum in the 3-4y region and to fall more nearly along the 
observed curve on the blue side of the flux peak than is true 
for the 3000K model. It seems likely that the effective tem­
perature of this star is closer to the value of 3300K than to 
the lower temperature. Nonetheless, the overall fits are poor, 
and little confidence should be placed in this result. 
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a Scorpii (Antares); 
Fits to this spectrum are shown for 3500/0.0/0.60, 
3800/0.0/0.60, and 4000/.75/0.60 in Figures 37, 38, and 
39 respectively. All models have solar composition. Since 
it has been found in this investigation as well as by Tsuji 
(1978) that changes in surface gravity have little effect 
on the emergent flux, these three models can be considered 
as differing only in effective temperature for the purpose 
of flux matching. The 3500K model in Figure 37 yields the 
2 
lowest correlation coefficient (R =0.901). The slope of 
the flux from the model on the blue side of the flux peak 
does not agree well with the observed flux, and this model 
2 is rejected. The values of R for the 3800K model (0.933) 
and the 4000K model (0.919) are quite close, and no judg­
ment should be made on the basis of this coefficient alone. 
Again looking at the slope of the flux from the models, the 
flux from the 4000K model drops off less rapidly on the blue 
side of the peak and yields somewhat better agreement with 
the observed flux. On the other hand, the fluxes from the 
3800K model are closer to the observed flux by about 4% 
near the peak on the red side. Thus it may be estimated 
that the correct value for the effective temperature of 
Antares lies between the values of 3800K and 4000K. This 
seems reasonable in light of the fact that the spectral type 
of Antares (Mil) is close to that of Betelgeuse (M2I) for which 
a slightly lower range was indicated in subsection III.C.3. 
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a Bootis (Arcturus); 
The flux from the 4000/.75/0.60 model is compared 
with the spectrum of a Bootis in Figure 40. The correlation 
of 0.984 is excellent, with the largest difference between 
the two curves being in the slope on the blue side of the 
flux peak. This suggests a higher temperature is necessary 
to match the stellar flux. Figure 41 displays the comparison 
for the 4500/.75/0.60 model. The correlation coefficient 
is essentially unchanged. However, the major difference 
between the curves is again in the slope at the shorter 
wavelengths. This time the model flux lies above the ob­
served curve, indicating the temperature is too high. 
Comparing Figures 40 and 41 suggests that the effective 
temperature of a Boo lies between 4000K and 4500K, and not 
much closer to one than to the other. This is in excellent 
agreement with Mackle, et al. (1975), who arrived at a value 
T^ = 4250K for Arcturus using a more detailed model atmos­
phere analysis. However, the same investigation reported 
that the C and 0 abundance in Arcturus were lower than solar 
values by about a factor of five. The fact that the model 
fluxes in Figures 40 and 41 fit the CO first overtone 
feature reasonably well using solar abundances again demon­
strate that the models computed for this dissertation do 
not yield adequate depth in the absorption features. 
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A final comparison for a Boo is shown for the model 
4500/1.5/0.60 in Figure 42. The differences between the 
flux from this model and that from the model with log g = 
.75 (Figure 41) are small (^^%), and produce no signifi­
cant change in the correlation. This is in agreement with 
a previous statement that the surface gravity does not 
greatly affect the flux. Either of the values for surface 
gravity (.75 or 1.5) is then in reasonable agreement with 
the value 1.0 reported by Mackle, et (1975). 
a Tauri (Aldebaran); 
The model 3500/0.0/0.60 was chosen as an initial 
guess for a Tau. The result is shown in Figure 43. While 
the value 0.947 for the correlation coefficient is good, 
the slope of the model flux at the shorter wavelengths 
falls off too steeply. A higher temperature is required. 
Comparison for the model 3800/0.0/0.60 is displayed in 
2 Figure 44. The value R = 0.988 indicates excellent 
agreement. A final comparison is made in Figure 45 for 
the model 4000/.75/0.60. The difference in the values 
2 
of R for these latter two models (.003) cannot be con­
sidered of any significance. Comparing Figures 44 and 45 
reveals evidence favoring either model. The slope of the 
observed flux on the blue side of the peak is matched 
slightly better by the 400OK model. However, on the red 
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side the flux values from the 3800K model lie closer to the 
observed curve by 1 to 2%. It seems reasonable to specu­
late that the effective temperature of a Tauri lies between 
these two values. This would be in agreement with Tsuji 
(1978) who suggests T^ = 4000 + 15OK. Tsuji, however, 
uses models with higher surface gravities (log g 'v 2.0) 
in his analysis. While the effect of surface gravity on 
the flux is small, it may be greater than the small dif­
ferences seen between Figures 44 and 45. Hence, if a 
larger grid of models were available, it might lend weight 
toward one of these two temperatures. 
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IV. CONCLUSIONS 
In sections III.B and III.C the atmosphere models were 
subjected to theoretical and observational tests of their 
validity. The results of these tests with regard to 
various computational considerations are summarized here. 
The relative utility of the transmission average opacity 
is also discussed. Before presenting the conclusions from 
this investigation, brief comments are made concerning the 
criteria used in the theoretical and observational tests. 
In the models computed in this study, the temperature 
scale as calculated by ATLAS is determined to within 10-
20K through most of the atmosphere. In the upper layers 
the temperatures are more uncertain. Near the surface 
(T _< 10 a shift in the T-T curve of 50K in a particular 
model sometimes changes the flux error by only a few tenths 
of one percent. Therefore the temperatures in this region 
must be considered uncertain by approximately 50K in an 
individual model. When making comparisons between groups 
of models computed in this investigation, temperature dif­
ferences may be considered significant only if they approach 
lOOK or follow definite trends. 
2 The value of the correlation coefficient (R ) is a 
useful quantity in comparing fits to observed spectra for 
2 
various models. A fit may be considered good if R >0.9, 
while lower values show correspondingly lower degrees of 
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agreement. However, numerical uncertainties preclude making 
2 
choices between models based on R values alone when the 
difference is less than 0.01. In several cases addi­
tional information was gained by examining the CO column 
densities from the models and comparing them with the 
results of Augason (1976). This work suggests a column 
23 2 density for CO of 1.1 x 10 molecules/cm in the atmosphere 
23 2 
of a Orionis, with a lower bound of 0.5 x 10 molecules/cm . 
Unfortunately, in some instances the models being compared 
fell within the error bound and a definite choice was again 
not possible. There appears to be a trend, however, when 
2 both R and column density are considered in conjunction 
with each other. Several models with 3800/0.0/0.60 used in 
spectral comparisons with a Orionis are listed in Table 7 
2 
along with the values of R for the fit and the CO column 
densities. 
Table 7. Correlation coefficients and column densities for 
various models 
Model «CO <""" 2 
molecules/cm ) 
A01{MSM, o II m 47 pts.) 0.610 0.70 
A32(TSM, LB=.3 , 47 pts.) 0.929 0.45 
A07(MSM, LB=0, 101 pts.) 0.934 0.77 
A08(MST, LB=0 , 101 pts.) 0.939 0.88 
A03(TSM, LB=0, 47 pts.) 0.940 0.92 
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With the exception of the second entry in the table, it is 
seen that an increase in correlation coefficient is ac­
companied by an increase in column density. This second 
model, unlike the others, is calculated using LB = .3 which 
was shown in III.B to have extreme effects on the tempera­
ture structure. It thus might not be expected to fit the 
trend established by the LB=0 models. The correlation be-
2 tween R and N q^ in Table 7 may be an indication that these 
quantities can be used jointly in discriminating between 
models, even though a choice would be precluded by numerical 
uncertainties using either quantity individually. 
Effect of taking opacity averages consistent with integration 
weight: 
It was suggested in section II.D that more accurate 
results might be obtained in the flux integrations if 
averages of the opacity over the interval defined by the 
integration weight were used for continuum sources rather 
than monochromatic values. More accurate flux values will 
of course result in more accurate models. Accordingly, 
separate sequences of models were computed in order to test 
this statement. The MSM models use monochromatic continuum 
opacities, while the ASM models use straight mean opaci­
ties for all sources averaged over intervals corresponding 
to the frequency weights. 
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The MSM models displayed better agreement with the 
models of Bell, et a^. (1976) in every respect. The value 
of the temperature at the boundary was nearer to Bell's 
value by 40-10OK in the MSM models than in the ASM models, 
while the boundary pressure showed 2-7% better agreement in 
the MSM models. The T-T curves in the MSM models also lie 
closer to Bell's results in every case, although the dif­
ferences are small (<50K). 
In comparisons with the observed spectrum of a Orionis, 
on the other hand, it was seen that the ASM model provided 
a better result. The correlation coefficient for the fit 
from the ASM model (0.863) was much better than that from 
the MSM model (0.694). The difference was largely due to a 
spurious absorption feature which exists in the MSM spectrum. 
2 Although the value of R for the MSM model would be con­
siderably improved if this feature were not present, the 
mere fact that it occurs indicates that the ASM model is 
more reliable in this case. 
In light of these conflicting results, no firm con­
clusion can be drawn regarding the argument for consistency 
between the opacity and the integration weight. 
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Effect of atomic line blanketing parameter: 
As has been discussed previously, atomic line blanketing 
has an important effect on the atmospheric structure of 
late-type stars. The line blanketing method used in ATLAS 
is a very approximate one based on empirical solar statistics. 
Tests were therefore performed to determine how much line 
blanketing should properly be included in models calcu­
lated by ATLAS. 
The inclusion of atomic line blanketing as treated in 
ATLAS resulted in heating throughout the atmosphere. In 
comparisons with models from Bell, even as little as 10% 
of the MKC blanketing used in ATLAS (LB = .1) resulted in 
heating in the upper layers by 400-600K as compared with the 
LB = 0 models. This is contrary to the results of other 
investigators, who have shown that these layers should be 
cooled relative to the unblanketed case. 
Comparison of the 3800/0.0/0.60 model flux using LB = 
.3 with the spectrum of a Orionis yielded a slightly smaller 
2 
value of the correlation coefficient (R = 0.929) than did 
2 the unblanketed model with the same parameters (R = 
0.940). In addition, the CO column density in the blanketed 
23 2 
model dropped to 0.45 x 10 molecules/cm , as compared 
with 0.92 x" 10^^ molecules/cm^ in the LB = 0 model. Hence 
the LB = .3 model is a poorer choice than the LB = 0 model 
to represent a Orionis, on the basis of both the lower 
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correlation coefficient and the lower column density of CO, 
which falls below the lower bound determined by Augason 
(1976) . 
In both theoretical and observational tests, models 
computed including atomic line blanketing thus yield poorer 
results than those computed with no blanketing. Therefore 
the MKC line blanketing method in subroutine LINUS is un­
reliable and should not be used. 
Effect of using a larger frequency set; 
Use of a greater number of frequency points (or intervals 
over which averages are taken) can be expected to result in 
an improved model regardless of what type of opacity repre­
sentation is being employed. This proved to be true in this 
study for models calculated using either the straight mean 
opacity or the transmission average opacity. 
In the case of the MSM models, the 101-point model 
with 4500/1.5/0.60 yielded a T-T curve closer to that of 
Bell's in the uppermost layers by about lOOK as compared 
with the 47-point model. The 101-point MST model was 
nearer to Bell's results than the 47-point TSM model by 
about 60K in the same region. In the deeper regions, models 
computed with the straight mean using 47 and 101 points 
were generally within 4OK of each other, while the boundary 
temperatures also differed by only 4OK. The same behavior 
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was true for the transmission average models. Thus for 
either representation, the temperature differences in these 
regions which result from doubling the number of frequency 
points are not significant. 
Fits to the spectrum of a Orionis improved dramatically 
in going from a 47-point to 101-point frequency set in the 
MSM models with 3800/0.0/0.60. The value of for the SSG 
flux increased from 0.610 to 0.934 (due to the elimina­
tion of spurious features) while the CO column density in-
23 2 
creased from 0.70 to 0.77 x 10 molecules/cm . Differences 
between the TSM and MST models were much smaller. Trans­
mission models using the larger frequency set actually 
2 
experienced slight drops in both R for the SSG flux (from 
0.940 to 0.939) and in CO column density (from 0.92 to 0.88 
23 2 X 10 molecules/cm ). The changes are too small to be 
considered of definite significance. 
Results of both theoretical and observational tests 
therefore show that the MSM models, computed using straight 
mean molecular opacities, improved considerably when the 
number of frequency points was increased from 4 7 to 101. 
The models calculated using transmission averages show some 
improvement in the agreement with Bell's model when using 
the larger frequency set, but little change in the predicted 
flux used for observational comparisons. 
It is of interest to compare the results from the 101-
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point MSM models and the 47-point TSM models. In comparisons 
with the Bell model with 4500/1.5/0.60, the boundary tempera­
ture is 200K closer to Bell's value in the TSM model than 
in the MSM model. The T-x relation in the upper layers is 
also closer to Bell's in the TSM model by as much as 10OK. 
In comparisons of the SSG fluxes from models having 3800/ 
0.0/0.60 with a Orionis, the TSM model has the higher 
2 
correlation coefficient (R = 0.940 vs. 0.934), and a higher 
CO column density (0.92 x 10^^ vs. 0.77 x 10^^ molecules/ 
2 cm ). Overall, the TSM models calculated using transmission 
averages for CO and a 47-interval frequency set yield better 
results in both theoretical and observational tests than do 
the 101-point MSM models using the straight mean. It is 
apparent therefore that the smaller frequency set is 
sufficient for the purpose of model calculations when trans­
mission averages are employed. 
Effective temperatures of observed stars determined from 
model analysis ; 
Only TSM models with LB = 0 were used in attempts 
to determine the effective temperatures of the observed 
stars. This was because of the reliability of the flux 
predictions in these models. The smallest difference be­
tween any two models in this study with different ef­
fective temperature is 200K. This difference produces 
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significant changes in the emergent flux from the model. 
Discrimination may be possible between models with dif­
ferences as small as 100-150K in effective temperature. 
Detailed model analysis could probably determine the ef­
fective temperature of observed stars to within lOOK. The 
effect of surface gravity on the overall spectrum of the 
star is not great. Models with differences of 1.0 in log g 
do not show significant differences in flux. The surface 
gravity of an observed star can probably not be determined 
to within better than 2.0 in the log on the basis of the 
entire spectral shape. 
The best fit to the spectrum of a Orionis was obtained 
from the model with 3800/0.0/0.60. The fit for the flux 
from a synthetic spectrum generator using this model had 
2 
an R value of 0.94. The estimated range for the effective 
temperature of this star is 3700 £ T^ £ 3950. This 
agrees well with the results of Tsuji (1976b), who sug­
gested T^ = 3900 + 150K. 
Even the best fits obtained for the star TV Aurigae 
were poor. On this basis, only the suggestion can be made 
2 that Tg for this star is closer to 3300K (R = 0.721) then 
to 3000K (R^ = 0.705). 
The effective temperature of a Scorpii is probably 
between the values T^ = 3800K (R^ = 0.933) and T^ = 4000K 
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2 (R = 0.919). This range seems reasonable in comparison 
to that for a Orionis, since the two stars have nearly the 
same spectral classification. 
The results for fits to the spectrum of a Bootis 
suggest that T^ is probably about halfway between 4COOK 
(R^ = 0.984) and 4500K (R^ = 0.985). This agrees very 
well with the value T^ = 4250 suggested by Mackle, et al. 
(1975). 
The fits suggest that the star a Tauri has an effective 
temperature between 3800K (R^ = 0.988) and 4000K (R^ = 
0.985). This again is in fair agreement with the value 
T^ = 4000 + 150K indicated by Tsuji (1978). 
Verdict on the transmission average opacity : 
The previous comparison between the TSM models and the 
101-point MSM models indicates that models computed using 
transmission averages for CO are superior to those calcu­
lated by the use of straight mean opacities. While such 
direct comparisons of the transmission models with models 
computed by some of the other opacity representations 
(such as opacity distribution functions or opacity sampling) 
are not possible here, two points can be made which suggest 
that the transmission average opacity compares favorably 
with other state-of-the-art methods. First, the flux 
predictions from the transmission models were seen to be 
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nearly identical to the results from a synthetic spectrum 
generator, with the two fluxes producing fits to the spec-
2 trum of a Orionis differing by no more than 0.02 in R . 
Therefore the predicted flux from a transmission model is 
highly reliable. This is an important consideration be­
cause the final atmospheric structure in the model depends 
heavily on the total flux at each depth, whose constancy 
is the major convergence criterion for the model. Second, 
the results arrived at for the observed stars using the 
transmission models are in basic agreement with the pub­
lished results of other investigators for these stars. The 
models used in the analyses of these stars were produced 
using only 47 frequency points at which the radiation field 
must be calculated, as opposed to 300-600 points used by 
other workers. The transmission models require computing 
times on the order of those characteristic of the rela­
tively efficient straight mean opacity, so the models can 
be obtained at low cost. One can conclude then that the 
transmission average opacity yields reliable results at a 
low cost per model, at least for the case of a single 
opacity source considered in this study. 
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Final remarks ; 
The main body of models used in the analyses in this 
study was computed with no atomic line blanketing and no 
consideration of turbulence. These are serious omissions 
since these mechanisms have definite effects on the at­
mospheric structure and emergent flux, respectively. In 
addition to these weaknesses in the models, the CO line 
strengths used in the opacities are uncertain because the 
expressions for rotational interaction effects were ex­
tended far outside their range of validity. The transmission 
models, furthermore, were calculated using a formalism for 
the directional dependence of the radiation field which 
assumes a linear relationship between path length and 
optical depth, an assumption which is violated by the 
nonlinear transmission average opacity. The combination 
of these defects in the models produces effects which are 
largely unpredictable. 
The models computed in this study agree well with the 
results of Bell, e;t al. (1976) for an effective temperature 
of 450OK and a surface gravity log g = 1.5, but the agree­
ment becomes poorer at lower values of T^ or log g. The 
agreement could probably be improved if the above defects 
in the models were corrected and the differences between 
ATLAS and the program which produced Bell's models were 
eliminated. Results of observational comparisons demonstrate 
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that the transmission models, at least, are suitable for 
analyses involving the overall shape of the flux spectrum. 
More detailed observational analyses would likely be pos­
sible if the deficiencies in the models again were removed, 
at least for giant and supergiant models with 2 3000K. 
Models at lower temperatures become increasingly uncertain 
in regard to the validity of the basic assumptions involved, 
such as the adequacy of the plane parallel approximation 
(Tsuji, 1978). 
The treatment of all opacity sources by means of trans­
mission averages has not been considered in this investiga­
tion. In light of the favorable results achieved in this 
dissertation, further study of transmission average opaci­
ties is warranted. Such important sources is atomic line 
blanketing and H^O and CN opacities should be included 
using this representation. Later analyses might also in­
clude more minor molecular constituents (TiO, ZrO, f 
CH, OH, etc.) using this method. Use of transmission 
average opacities in model calculations could well result 
in more readily available grids of model atmospheres for 
use by researchers in the field of late-type stars. 
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VII. APPENDIX A: PROGRAM XTAV 
-T . 
Program XTAV calculates the values of e ^, the 
transmission averages for CO in specified frequency inter­
vals at the ten temperatures and six column densities given 
in section II.B. 
The FORTRAN listing on the following pages computes 
""*•1 -1 -1 
e for the intervals 1000-1500 cm and 1500-2000 cm 
These intervals are specified by setting IMAST=1 and 
IMAEND=2. The integers IMAST and IMAEND indicate the first 
and last 500 cm ^ wide intervals to be considered in the 
current program run, and the values 1 and 2 represent the 
— 1 
first two intervals in the range 1000-6500 cm of interest 
for CO. The parameters NL and NH specify the lowest and 
highest values of Av, respectively, to be included in the 
current program run. In this case, both are set equal to 
1, indicating only rotational transitions in the funda­
mental band (Av=l) are to be considered. 
This program run was executed using double precision 
-Ti 
arithmetic where necessary to prevent values e =1 
from occurring, indicating zero opacity. In some instances, 
single precision is adequate. This may be implemented by 
removing the REAL*8 statement in XTAV. 
Some modifications to this program are required to com-
pute e over intervals of widths other than 500 cm 
C  P R O G R A M  X T A V — C A L C U L A T E S  C O  T R A N S M I S S I O N  A V E R A G E S  A T  1 0  T E M P E R A T U R E S  
C  A N D  6  L O G  C O L U M N  D E N S I T I E S  
I M P L I C I T  I N T E G E R ( V )  
C O M M O N / F A C T / T . Q  
D I M E N S I O N  F R I N T < 5 0 0 0 )  « S L 1 N (  1 0 0 0  )  . F R O d O O O )  
DIMENSION SM<140)tTM(140) 
R E A L * 8  T I N T , T A U N U . S A V T A U ( 1 0 . 6 )  
D A T A  1 5 0 0 0 / 5 0 0 0 /  
C  P A R T I T I O N  F U N C T I O N  P A R A M E T E R S  A S  D E F I N E D  B Y  P 1 T 2 E R ( 1 9 5 3 )  
D A T A  a e T A . D E L T A , X / 3 . 1 8 3 E - 6 , 9 . 1 2 0 8 S E - 3 . 6 . 1 2 7 1 9 E - 3 /  
N L  =  1  
N M = 1  
C  C A L C U L A T E  A V E R A G E S  F O R  I N T E R V A L S  1  A N D  2  C O N T A I N I N G  C O  L I N E S  
I M A S T = 1  
I M A E N 0 = 2  
D O  4 0  5  I M A = I M A S T , I M A E N O  
I N T S T = I M A * 1 0 - 9  
I N T E N D = I N T S T + 9  
D O  1 1 0  J T = 1 , 1 0  
T = 1 5 0 0 . + F L O A T < J T - 1 ) * 5 0 0 .  
M R I T E ( 6 . 2 )  T  
2  F O R M A T ( 3 H O T = , F 5 . 0 / 1 H O )  
D O  1 3  K L = 1 , 1 4 0  
S M i K L ) = 3 .  
13 rM<KL)=0. 
U = 3 . 0 8 3 6 8 E 3 / T  
Y = 2 . 7 6 6 0 9 6 / T  
E U F = 1 . / ( E X P ( U ) - l . )  
T E R M 1 = 1 . + 2 . * W E T A / Y + D E L T A * E U F  
T E R M 2 = 2 . * X * U * E U F * * 2 + Y / 3 . + Y * * 2 / 1 5 .  
C  Q  I S  P A R T I T I O N  F U N C T I O N  F O R  G I V E N  T E M P E R A T U R E  T  
Q =  E U F * E X P ( U ) * < T E R M l + T E R M 2 ) / Y  
C  S U M  O V E R  S U E I N T E R V A L S  O F  5 0  C M - 1  W I D T H S  
D O  1 0 5  N I h T = I N T S T , I N T E N D  
D O  4 5  I T M - 1 , 5 0 0 0  
A S  F R I N T < I T M ) = 0 «  
F R B E G = 1 0 0  0 . * 5 0 . * ( N % N T - 1 )  
F R E N D = F R B E G + 5 0 .  
I F C N I N T . E C . I N T S T )  F R M B = F R 8 E G  
I F ( N I N T . E O . I N T E N D )  F R M E ^ F R E N D  
N L I N E S = 0  
C  I N C L U D E  L I N E S  I N  B A N D S  D E L T A  V = N L  T H R U  D E L T A  V = N H  
D O  1 0  6  N = N L , N H  
C  I N C L U D E  L I N E S  O R I G I N A T I N G  F R O M  L O W E S T  2 0  V I B R A T I O N A L  L E V E L S  
D O  1 0  7  J C = 1 , 2 0  
V L = J C - l  
V U = V L + N  
C  J  L 0 W E R = 0  C A S E  
F - L = E N E R G Y  ( V L  * 0 )  
F R = E i S l E R G V < V U .  1  ) - E L  
I F f F R . L T . F R B E G . O R . F R . G T . P R E N D )  G O T O  1 7  
S = S T R E N ( F f J . E L . l  , N .  V L )  
I F ( S . L T.O.Ol) G O T O  1 7  
S = S * 1  e E - 3 6  
N L I N E S = N L I N E S + 1  
F R O f N L I N £ S ) = F R  
S L 1 N ( N L 1 N E S ) = S  
1 7  C O N T I N U E  
C  I N C L U D E  J  L O M E R = l  T H R U  1 5 0  
D O  1 0  J = l , 1 5 0  
E L = E N E R G V t V L »  J )  
F R = E N E R G Y ( V U , J - 1 ) - E L  
I F ( F R . L T . F R B E G . O R . F R . G T . F R E N D )  G O T O  1 9  
C  J  U P P E R = J  L O k E R - 1  ( P  B R A N C H )  
M = - J  
S A = S T R E N ( F R . E L . M . N , V L )  
I F ( S A . L T.O.Ol) G O T O  1 9  
S A = S A * l . E - 3 6  
N L I N E S = N L I N E S + 1  
F R 0 ( N L I N E S ) = F R  
S L I N ( N L I N E S ) = S A  
1 9  C O N T I N U E  
F R ^ E N E R G Y C V U . J + 1 ) - E L  
I F ( F R . L T . F R B E G . O R . F R . G T . F R E N O J  G O T O  1 0  
C  J  U P P E R = J  L O W E R + 1  ( R  B R A N C H )  
M = J + 1  
S A = S T R E N ( F R , E L . M , N . V L )  
I F ( S A • L T . 0 . 0 1 )  G O T O  1 0  
S A = S A $ l . E - 3 6  
N L I N E S = N L I N E S + 1  
F R O ( N L I N E S ) = F R  
S L I N ( N L I N E S ) = S A  
1 0  C O N T I N U E  
1 C 7  C O N T I N U E  
1 0 6  C O N T I N U E  
I F ( N L I N E S . E Q . O )  W R I T E ( 6 , 5 )  F R 8 E G . F R E N D , N L I N E S , S M ( N I N T ) . 1 5 0 0 0  
I F ( N L I N E S . E Q . O )  G O T O  1 0 5  
C  F A C T = O O P P L E R  W I D T H  F O R  C O  A T  T E M P E R A T U R E  T  
F A C T = S Q R T ( 5 . 9 3 6 6 E 6 * T ) / 2 . 9 9 7 9 E 1 0  œ  
C  C A L C U L A T E  C R O S S - S E C T I O N  O V E R  M E S H  P O I N T S  I N C L U D I N G  E A C H  L I N E  I N  I N T .  
O Q  5 3  N F = I , N L I N E S  
D E L N U 0 = F A C T * F R 0 (  N F )  
S I G M A 0 - S L I N ( N F ) / D E L N U D / 1 «  7 7 2 4 5  
C  S M = S T R A I G H T  M E A N  O P A C I T Y  
S M ( N I N T ) = S M < N I N T ) + S L I N ( N F ) / 5 0 .  
I N O E X = l + I h T ( ( F R O ( N F ) - F R e E G ) * 1 0 0 . )  
F R I N D X = F R G E G + F L O A T ( I N D E X - 1 ) * . 0 1 + . 0 0 S  
G A U S S = ( ( F R I N O X - F R O ( N F ) ) / D E L N U D ) * * 2  
F R I N T ( I N D E X ) = S I G M A O * E X P ( - G A U S S ) + F R I N T ( I N D E X )  
J L O W = I N D E X  
F R J L O * = F R I N D X  
4 9  J L O W = J L O W - 1  
I F ( J L O W . L T . O )  G O T O  5 1  
F R  J L D  W = F R  J L O W - . 0 1  
G A U S S = ( ( F F J L O W - F R O ( N F ) ) / D E L N U D ) • • 2  
STEST=SIGMAO#EXP<-GAUSS) 
P R I N T ( J L O U ) = F R I N T ( J L O W ) + S T E S T  
I F ( S T E S T / S I G M A O . L T . 0 . 0 0 1 )  G O T O  5 1  
G O T O  4 9  
5 1  J H I G H - I N O E X  
F R J H = F R I N C X  
5 2  J H I G H = J H I G H + 1  
1 F ( J H I G H « G T « 5 0 0 0 )  G O T O  5 3  
F R J H = F R J H + . 0 1  
G A U S S = ( (FRJH- F R O ( N F ) ) / D E L N U D ) * * 2  
S T E S T - S I G « A O » E X P ( - G A U S S )  
F R I N T C J H I G H ) = F R I N T ( J H I G H ) + S T E S T  
I F ( S T E S T / S I G M A O . L T , 0 . 0 0 1 )  G O T O  5 3  
G O T O  5 2  
5 3  C O N T I N U E  
N Z E R O = 0  
0 0  4 3  I T N = 1 * 5 0 0 0  
I F ( F R I N T ( I T M ) . E Q . O . )  N Z E R O = N Z E R O + 1  
4 3  C O N T I N U E  
W R I T E ( 6 * 5 )  F R B E G , F R E N D , N L I N E S , S M ( N I N T ) « N Z E R O  
5  F O R M A T *  *  • « 2 X . F 5 . 0 .4H TO .F5.0.1 OX.14•6H LINES.lOX.14HSTRAIGHT I 
X N = . E 1 4 . 7 , 1 0 X , 6 H N Z E R O = , I 5 )  
C A L C U L A T E  O P T I C A L  D E P T H S  A h K )  T R A N S M I S S I O N  A V E R A G E S  F O R  V A R I O U S  L O G  
C O L U M N  D E N S I T I E S  
D O  8 5  N O £ K S = 1 8 . 2 3  
C D E N S = 1 0 • • • F L O A T < N O E N S )  
T 1 N T = 0 .  
N U N F L = 0  
0 0  8 3  I T M = 1 , 5 0 0 0  
T A U N U = F R 2  N T ( I T M ) • C O E N S  
I F I T A U N U . L T . 1 . E - 4 )  T I N T = T I N T + 1 . - T A U N U  
I F ( T A U N U . L T , l . E - 4 )  G O T O  8 0  
I F ( T A U N U . G T . 8 7 . )  N U N F L = N U N F L + 1  
I F ( T A U N U . G T . 8 7 . )  G O T O  8 0  
T I N T = T I N T * D f c X P < - T A U N U )  
8 0  C O N T I  N U E  
T I N T = T I N T » 0 . 0 0 0 2  
S A  V T A  U ( J T . N D E N S - 1 7 ) = S A V T A  U <  J T . N O E N S - 1 7 ) + T I N T / 1 0 •  
8  5  C O N T I N U E  
1 0 5  C O N T I N U E  
1 1 0  C O N T I N U E  
W R I T E ( 6 , 3 9 #  I M A . F R M B . F R M E  
3 9  F Q R M A T d H O . I S  . 1 0 X , F 5 . 0 « 4 H  T O  . F 5 . 0 / 1 H 0 )  
D O  2 1  : * = 1 , 1 0  
* R I T E ( 6 , 2 3 ) ( S A V T A U ( I W . K W ) , K W = 1 . 6 )  
2 3  F O R M A T d H  • 6 0 2 0 . 1 2 )  
0 0  2 4  I V = 1 , 6  
C  I N I T I A L I Z E  F O R  N E X T  I N T E R V A L  
2 4  S A V T A U ( I * , I V ) = 0 .  
2  1  C O N T I N U E  
4 0 5  C O N T I N U E  
S T O P  
E N D  M  
00 
w 
F U N C T I O N  E N E R G Y * V , J  I  
C  C O M P U T E S  E N E R G Y  O F  L E V E L  W I T H  Q U A N T U M  N U M B E R S  ( V . J )  R E L A T I V E  T O  
C  G R O U N D  L E V E L  ( 0 . 0 )  
I N T E G E R  V  
D A T A  W E .  I N E X E . W E Y E . B E / 2 1  6 9 .  6 3 6 .  1 3  . 2 9 5 .  0 * 0  I I  5 .  1  . 9 3 1 2 8 5 /  
D A T A  A L P H A . G A M M A . O E . B E T A E / . 0 1 7 5 3 5 . I . 0 1 E - S . 6 . 1 2 E - 6 . l . E - 9 /  
T V = F L O A T *  V l + 0 . 5  
G V = W E * T V - k E X E * T V * * 2 + W E Y E * T V * * 3  
G V = G V - ( W E * 0 . 5 - W E X E * 0 . 2 5 + W E Y E * 0 . 1 2 5 )  
3 V = 8 E - A L P H A * T V + G A M M A * T V * * 2  
D V = D E + B E T A E * T V  
T J = F L 0 A T * J ) * F L 0 A T ( J + 1 )  
F V J = 8 V * T J - D V * T J * * 2  
c N E R G Y = G V + F V J  
R E  T U R N  
E N D  
00 
F U N C T I O N  S T R E N C F R E Q . E L . M . N . V )  
C O M P U T E S  L I N E  S T R E N G T H  U S I N G  D A T A  O F  Y O U N G * 1 9 6 8 )  A N D  C H A C K E R l A N ( 1 9 7 0 >  
C O M M O N / F A C T / T . Q  
I N T E G E R  V , V F , V P N F , V P N  
D I M E N S I O N  G M E 2 ( 3 ) , C ( J . 4 ) , F ( 3 , 4 )  
D A T A  C O N S T . H C D I V K / 4 . 1 6 2 6 7 A E 1 7 . I • 4 3 8 7 8 9 /  
D A T A  G M E 2 / 1 . 0 8 1 E - 2 , 3 . 9 0 6 E - 5 , l « 4 6 7 E - 7 /  
D A T A  C / . 9 9 8 9 . 1 . 0 0 1 5 . 1 . 0 0 8 7 . - . 2 7 6 E - 2 . . 0 2 4 5 . . 0 5 5 2 . - . 1 4 E - 3 . . 0 0 1 1 .  
X . 0 0 2 7 . - . 5 E - 5 , - . 2 4 E - 4 . - . 2 3 2 E - 4 /  
D A T A  F / 1 . 0 0 4 . . 9 9 4 . . 9 7 8 . - . 3 6 2 E - 3 . . 0 0 4 6 7 . . 0 1 0 9 . • 6 0 4 E - 5 . . 3 6 E - 4 .  
X . l l E  — 4 . 0 # . . 5 5 E — 7  » • 6 4 E — 6 /  
R M = F L O A T ( N )  
R V = F L O A T ( V )  
E X = H C O I V K * F R E Q / T  
3 T I M = | . - E X P < - E X )  
D U M = C O N S T » F R E Q * A a s ( R M ) * S T I M / Q  
O U M = O U M » E X P ( ~ H C D I V K » E L / T )  
F F = F (  N . 1 ) + F ( N , 2 ) * R M + F ( N . 3 ) * R M * * 2 + F ( N , 4 ) * R M * * 3  
C F = C ( N . 1 ) + C ( N . 2 ) * R V + C ( N , 3 ) * R V * * 2 + C < N . 4 ) * R V * * 3  
V P N = 1  
N F = 1  
D O  1 0  L = 1 , N  
V P N = V P N * ( V + L )  
1 0  N F - N F * L  
F A C V N = F L O A T ( V P N ) / F L O A T ! N F }  
R V N M 2 = G  M E  2  <  N ) * F A C V N * C F * F F  
S T R E N - 0 U M « R V N M 2  
R E T U R N  
E N D  
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VIII. APPENDIX B: VALUES OF CO TRANSMISSION 
AVERAGES 
The values of e calculated for CO by program XTAV 
are given on the following pages. Pages,187 to 190 list 
-1 -1 the values from 1000-6500 cm in 500 cm intervals, as 
used with the 47-interval frequency set. The 101-interval 
frequency set uses the same 500 cm intervals from 1000-
-1 ~^i -1 2000 cm . The values of e in 200 cm intervals from 
2000-6400 cm , for use with the 101-interval set, are 
listed on pages 191 to 198. 
In most intervals, double precision was needed to 
prevent values of e =1.0 from appearing. In these 
intervals the results are given to 10 significant figures. 
In some intervals single precision was sufficient and 7 
significant figures are given. 
In each block, the first line indicates the inter­
val in cm ^. The first row of transmission average values 
is computed at a temperature T = 1500K. The temperature 
increases in 500K increments moving downward until the last 
row is calculated at T = 6000K. The six columns correspond 
to the six CO column densities for which the averages were 
calculated. The column density increases from left to 
18 2 
right by factors of 10, being 10 molecules/cm in the 
23 2 left-hand column and 10 molecules/cm in the right-hand 
column. 
1 0 0 0  1 5 0 0  
0.999 4999798 
0 . 9 9 9 9 9  9 9 7 4 3  
0 . 9 9 9 9 9 9 9 5 6 2  
G . 5 9 9 9 9 9 7 5 7 5  
0 .  < 3 9  9 9 9 8 7 3  4 3  
0 «  9 9 9 9 9 5 4 5 9 6  
C . 9 9 9 9 8  7 8 1  3 8  
0 .  S 9 9 9 7 3 4 6 3 9  
0 . 9 9 9 9 5 0 4 3 6 2  
0 .  9 9 9 9 1  7 5 2 2 6  
0 . 9 9 9 9 9 9 9  7 9  8  
0 . 9 9 9 9 9 9 9 7 0 2  
0 . 9 9 9 9 9 9 7 8 9 3  
0 . 9 9 9 9 9 7 8 0 2 8  
0 . 9 9 9 9 8 7 5 8 1 6  
0 . 9 9 9 9 5 4 9 3 7 4  
0 . 9 9 9 8 7 9 0 0 9 9  
0 . 9 9 9 7 3 7 3 2 7 2  
0 . 9 9 9 5 1 1 6 6 9 0  
0 . 9 9 9 1 9 2 0 7 9 9  
0 . 9 9 9 9 9 9 9 7 9 7  
0 . 9 9 9 9 9 9 9 2 9 6  
0 . 9 9 9 9 9 8 1 2 0 5  
O . * . 9 9 9 7 8 3 0 5 0  
0 . 9 9 9 8 7 7 1 8 4 8  
0 . 9 9 9 5 6 0 6 5 3 5  
0 . 9 9 8 8 5 ^ 5 3 8 5  
0 . 9 9 7 5 9 2 8 6 1 4  
0 . 9 9 5 7 1 5 2 8 6 6  
0 . 9 9 3 2 3 9  5 8 9 5  
0 . 9 9 9 9 9 9 9 7 8 9  
0 . 9 9 9 9 9 9 5 2 3 7  
0 . 9 9 9 9 8 1 4 8 7 0  
0 . 9 9 9 7 8 8 1 0 7 6  
0 . 9 9 8 8 7 3 7 2 8 6  
0 . 9 9 6 4 3 5 1 0 8 2  
0 . 9 9 2 0 6 2 1 6 6 9  
0 . 9 8 5 9 5 6 2 6 6 4  
0 . 9 7  3 6 3 4 0 1 9 6  
0 . 9 7 0 6 6 9 1 1 9 1  
0 . 9 9 9 9 9 9 9 7 0 9  
0 . 9 9 9 9 9 5 4 6 9 7  
0 . 9 9 9 8 2 0 3 2 0 0  
0 , 9 9 8 2 5 2 8 5 9 0  
0 .  9 9 3 3 3 7 3 6 3 0  
0 . 9 8 4 8 4 6 4 1 5 4  
0 . 9 7 3 8 3 2 0 4 0 4  
0 . 9 6 1 8 2 3 4 5 8 3  
0 . 9 5 0 1 3 3 5 2 1 6  
0 . 9 3 9 2 7 4 8 5 3 6  
0 . 9 9 9 9 9 9 8 9 1 0  
0 . 9 9 9 9 5 5 4 3 3 9  
0 . 9 9 8 5 8 3 1 2 1 8  
0 * 9 9 2 2 3 9 9 2 0 1  
0 . 9 8 0 3 5 9 6 4 5 7  
0 . 9 6 5 1 2 0 2 8 3 8  
0 . 9 4 9 8 9 8 3 1 2 0  
0 . 9 3 5 8 7 7 7 2 1 7  
0 . 9 2 3 3 7 4 8 0 1 7  
0 . 9 1 2 9 5 2 2 9 0 5  
1 5 0 0  2 0 0 0  
0 .  9 9 9 0 7 9 1  
C . 9 9 8 3 2 3 3  
C .  5 9 7 5 3 3 0  
0 .  9 9 6 7 8 2 6  
0 . 9 9 6 1  0 5 6  
0 . 9 9 5 5 1 2 4  
O . 9 9 5 0 0 1 l  
0 . 9 9 4 5 6 5 1  
0 . 9 9 4 1 9 6 8  
0 .  9 9  3 8 8 6 2  
0 . 9 9 6 9 1 7 1  
0 . 9 9 4 2 3 7 4  
0 . 9 9 1 0 8 5 6  
0 . 9 8 7 6 2 4 4  
0 . 9 6 3 9 5 9 9  
0 . 9 8 0 1 7 5 9  
0 . 9 7 6 3 5 5 2  
0 . 9 7 2 5 7 6 3  
0 . 9 6 8 9 1 2 7  
C . 9 6 5 4 2 7 5  
0 . 9 9 3 2 6 5 5  
0 . 9 8 7 3 3 8 8  
0 . 9 8 0 0 0 8 7  
0 . 9 7 1 3 0 1 3  
0 . 9 6 1 4 3 0 0  
0 . 9 5 0 6 1 3 1  
0 . 9 3 9 1 4 4 7  
0 . 9 2 7 3 7 8 0  
0 . 9 1 5 6 3 1 9  
0 . 9 0 4 1 4 3 2  
0 . 9 8  8 0  6  5 8  
0 . 9 7 7 4 6 3 6  
0 . 9 6 3 5 5 6 3  
0 . 9 4 6 7 1 7 1  
0 . 9 2 7 3 6 3 9  
0 . 9 0 6 8 4 9 0  
0 . 8 8 6 2 7 9 7  
0  . 8 6 6 1 4 8 5  
0 . 8 4 6 8 9 9 2  
0 . 8 2 8 9 0 1 4  
0 . 9 8 1 3 2 8 8  
0 . 9 6 4 0 5 2 6  
0 . 9 4 1 3 4 7 3  
0 . 9 1 4 C 9 9 8  
C  . 8 3 5 6 1 5 8  
0 . 8 5 7 0 4 5 5  
0 . 8 3 0 0 3 3 3  
0 . 8 0 5 6 3 6 2  
0 . 7 8 3 6 1 3 9  
0 . 7 6 3 6 4 1 7  
0 . 9 7 2 4 6 1 3  
0 e 9 4 7 1 3 7 7  
0 . 9 1 3 7 8 1 7  
0 . 6 7 7 8 9 6 7  
3 . 8 4 1 7 4 8 3  
0 . 8 0 9 2 5 8 9  
0 . 7 8 0 7 8 0 3  
0 . 7 5 5 3 3 1 6  
0 . 7 3 2 5 8 8 0  
0 . 7 1 2 8 2 3 6  
H 
00 
2 0  0 0  2 5 0 0  
0 .  9 9 4 3 7 0 5  
0 . 9 9 2 8 3 1 2  
0 .  9 9  1 6  5 6  4  
C .  9 9 0 8 3 3 0  
C . 9 9 0 3 0 3 9  
0 .  9 8  9 9 9 6 2  
0 . 9 8 9 3 4 6 6  
0 . 9 8 9 8 0 6 7  
0 .  9 8 9 3 4 3 3  
0 . 9 8 9 9 3 3 3  
0 . 9 8 8 0 7 0 1  
9 8 3 0 9 7 4  
0 . 9 7 8 1 7 4 3  
0 . 9 7 3 3 5 4 8  
0 . 9 6 8 7 4 0 0  
0 . 9 6 4 4 2 9 5  
0 . 9 6 0 4 8 9 3  
0 . 9 5 6 9 5 5 8  
0 .  9 5 3 8 4 6 1  
9 . 9 5  1 1 6 4 2  
0 .  9 8 0 2 8 4 1  
0  . 9 7  1 0 4 2 0  
0 . 9 6 1 0 3 3 0  
0 . 9 5 0 9 6 7 8  
0 . 9 4 1 1 6 8 2  
0 . 9 3 1 7 3 5 7  
0  . 9 2 2 7 6 6 1  
3 . 9 1 4 2 9 8 8  
0 . 9 0 6 3 5 8 8  
0 . 8 9 8 9 6 0 5  
0 . 9 7 1 4 7 4 6  
0 . 9 5 6 9 3 9 3  
0 . 9 4 2 1 9 8 2  
0 . 9 2 7 4 5 1 0  
0 . 9 1 3 1 3 6 4  
0 . 8 9 9 4 2 1 7  
0 . 8 8 6 4 6 3 5  
0 . 8 7 4 2 9 0 2  
0 . 8 6 2 9 3 5 2  
0 . 8 5 2 5 2 8 9  
0 . 9 6 1 3 5 4 4  
0 . 9 4 2 3 4 4 4  
0 . 9 2 2 9 2 7 5  
0 . 9 0 3 9  7 3 2  
0 . 8 8 5 8 3 6 3  
0 . 8 6 8 7 1 5 3  
G . 8 5 2 7 8 5 2  
0 . 8 3 8 5 7 1 1  
0 . 8 2 6 2 3 5 1  
0 . 8 1 5 6 4 8 4  
0 . 9 5 0 8 0 9 0  
0 . 9 2 7 2 6 8 3  
0 . 9 0  3 8 0  3 6  
0 . 8 8 1 2 7 5 1  
0 . 8 5 9 9 1 7 0  
0 . 8 4 0 6 8 0 5  
0 . 8 2 4 4 6 8 3  
0 . 8 1 0 9 5 8 0  
0 . 7 9 9 5 7 1 8  
0 . 7 8 9 1 7 1 3  
2 5 0 0  3 0 0 0  
0 . 9 9 9 9 9 9 9 8 4 8  
0 . 9 9 9 9 9 9 9 7 4 7  
C . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9  9 9 9 9 9 7 4 5  
C . 9 9 9 9 9 9 9 7 1 9  
0 . 9 9 9 9 9 9 9 5 5 7  
0 . 9 9 9 9 9 9 3 9 3 6  
0 ,  9 9  9 9 9 9 7 2  1 9  
0 . 9 9 9 9 9 9 3 4 6 5  
0 • 9 9 9 9 9 8 6 5 6 5  
0 . 9 9 9 9 9 9 9 8 4 8  
0 . 9 9 9 9 9 9 9  7 4 7  
0 . 9 9 9 9 9 9 9  7 4  7  
0 . 9 9 9 9 9 9 9 7 2 6  
0 . 9 9 9 9 9 9 9 4 6 4  
0 . 9 9 9 9 9 9 7 8 4 7  
0 . 9 9 9 9 9 9 1 6 3 6  
0 . 9 9 9 9 9 7 4 4 6 1  
0 . 9 9 9 9 9 3 6 9 2 9  
0 . 9 9 9 9 8 6 7 9 5 6  
0 . 9 9 9 9 9 9 9 8 4 8  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9  9 9  9 9 9 7 4 2  
0 . 9 9 9 9 9 9 9 5 3 3  
0 . 9 9 9 9 9 9 6 9 1 1  
0 . 9 9 9 9 9 8 0 7 4 0  
0  .  9 9  9  9  9 1  8 6  4  5  
0 . 9 9 9 9 7 4 7 0 1 2  
0 . 9 9 9 9 3 7 2 2 3 1  
0 . 9 9 9 8 6 8 4 4 8 4  
0  . 9 9 9 9 9 9 9 8 4 8  
0 . 9 9 9 9 9 9 9  7 4 7  
0 . 9 9 9 9 9 9 9 6 9 3  
0 . 9 9 9 9 9 9 7 6 0 5  
0 . 9 9 9 9 9 7 1 3 8 7  
0 . 9 9 9 9 8 0 9 7 6 5  
0 . 9 9 9 9 1 9 0 1 5 8  
0 . 9 9 9 7 4 6 4 4 7 9  
0 . 9 9 9 3 7 9 0 4 5 1  
0 . 9 9 8 7 1 0 5 3 9 6  
0 . 9 9 9 9 9 9 9 8 4 8  
0 . 9 9 9 9 ^ 9 9 7 4 5  
0 . 9 9 9 9 9 9 9 2 0 6  
0 . 9 9 9 9 9 7 8 3 2 5  
0 . 9 9 9 9 7 1 6 3 8 3  
0 . 9 9 9 8 1 0 8 9 8 5  
0 . 9 9 9 2 0 4 3 3 1 3  
0 . 9 9 7 5 9 8 9 1  5 6  
0 . 9 9 4 3 7 5 4 6 3 1  
0 . 9 8 9 1 9 3 8 4 9 5  
0 . 9 9 9 9 9 9 9 8 4 8  
0 . 9 9 9 9 9 9 9 7 2 7  
0 . 9 9 9 9 9 9 4 3 3 2  
0 . 9 9 9 9 7 8 5 6 9 7  
0 . 9 9 9 7 1 9 0 0 3 2  
0 . 9 9 8 1 9 4 8 6 1 2  
0 . 9 9 3 1 9 4 5 1 9 9  
0 . 9 8 3 2 4 4 8 5 2 8  
0  . 9 6 9 7 0 8 6 5 2 5  
0 . 9 5 4 9 1 0 4 0 2 0  
3 0  0  J  3 5 0 0  
0 . 9 9  9 9 9 9 9 7 4 7  
0 .  9 9 9 9 9 9 9 7 3 6  
C »  9 9  9 9 9  9 9 4  7 2  
0 .  9 9  9 9 9 9 7 4  9 0  
0 . 9 9  9 9 9  8 9 6  8 3  
0 . 9 9 9 9 9 6 9 1 0 6  
0 . 9 9 9 9 9  2 7 4  1 7  
0 . 9 9  9 9 8 5 6 ^ 0 8  
0 . 9 9 9 9 7 5 2 0  7 0  
0 .  9 9  9 9 6 1 0 3 0 4  
0 . 9 9 9 9 9 9 9  7 4  7  
0 . 9 9 9 9 9 9 9 6 3 2  
0 . 9 9 9 9 9 9 6 9 9 6  
0  . 9 9 9 9 9 7 7 1 7 2  
0 . 9 9 9 9 8 9 9 1 2 1  
0 . 9 9 9 9 6 9 3 4 6 0  
0 . 9 9 9 9 2 7 6 9 7 8  
0 . 9 9 9 8 5 7 3 0 1 8  
0 . 9 9 9 7 5 2 7 1 1 4  
0 . 9 9 9 6 1 1 3 9 9 9  
0 . 9 9 9 9 9 9 9 7 4 2  
0 . 9 9 9 9 9 9 8 5 9 3  
C . 9 9 9 9 9 7 2 2 3 5  
0 . 9 9 9 9 7 7 4 1 1 7  
0 . 9 9 9 8 9 9 5 2 3 2  
0 . 9 9 9 6  9 4 8 9 9 2  
0 . 9 9 9 2 8 2 4 4 3 6  
0 . 9 9 8 5 8 9 5 9 2  9  
0 . 9 9 7 5 6 7 7 8 9 2  
0 . 9 9 6 1 9 8 6 6 9 2  
0 . 9 9 9 9 9 9 9 6 8 9  
0 . 9 9 9 9 9 8 8 2 0 5  
0 . 9 9 9 9 7 2 4 8 8 5  
0 . 9 9 9 7 7 5 5 5 2 6  
0 . 9 9 9 0 1 2 4 9 1 2  
0 . 9 9 7 0 6 4 4 2 1 0  
0 . 9 9 3 3 0 3 3 1 0 1  
0 . 9 8 7 3 1 8 6 7 7 1  
0 . 9 7 9 0 1 7 6 1 7 4  
0 . 9 6 8 6 0 4 2 4 6 8  
0 . 9 9 9 9 9 9 9 1  6 7  
0 . 9 9 9 9 8 8 4 3 9 5  
0 . 9 9 9 7 2 7 7 1 8 1  
0 . 9 9 7 8 6 8 6 5 0 7  
0 . 9 9 1 5 1 6 7 1 7 6  
0 . 9 7 8 2 4 1 2 7 5 7  
0 . 9 5 7 6 9 1 5 7 0 9  
0 . 9 3 1 2 5 7 6 7 5 8  
0 . 9 0 1 7 1 4 8 7 8 4  
0 . 8 7 2 0 9 4 7 5 5 5  
0 . 9 9 9 9 9 9 3 9 4 8  
0 . 9 9 9 8 8 5 3 5 2 3  
O . 9 9 7 5 0 9 4 5 9 0  
0 . 9 8 5 3 5 0 2 4 7 7  
0 . 9 5 9 0 9 0 2 4 5 4  
0 . 9 2 0 0 3 6 0 2 2 9  
0 . 8 7 5 7 3 9 7 7 5 2  
0 . 8 3 4 9 7 6 8 6 4 1  
0 . 7 9 - 9 3 6 1 6 3 9 9  
0 . 7 6 7 8 2 5 8 5 3 0  
3 5 0 0  4 0 0 0  
0 . 9 9 9 9 9 7 4  
0 . 9 9 9 9 8 9 0  
0 . 9 9 9 9 7 3 5  
0 . 9 9 9 9 5 0 7  
0 . 9 9 9 9 2 1 3  
0 . 9 9 9 8 8 6 0  
0 . 9 9 9 3 4 5 2  
0 . 9 9 9 8 C C 7  
0 .  9 9 9 7 5 3 2  
0 . 9 9 9 7 0 4 8  
0 . 9 9 9 9 6 9 9  
0 . 9 9 9 8 8 1 5  
0 . 9 9 9 7 2 0 0  
0 . 9 9 9 4 8 7 0  
0 . 9 9 9 1 8 8 5  
0 . 9 9 8 8 3 1 6  
0 . 9 9 6 4 2 5 7  
0 . 9 9 7 9 8 3 6  
0 .  9 9 7 5 1 6 6  
0 . 9 9  7 0 3 8 6  
0 . 9 9 9 7 0 4 3  
0 . 9 9 8 8 8 2 5  
0 . 9 9 7 4 2 7 9  
0 . 9 9 5 3 4 9 3  
0 . 9 9 2 6 7 3 7  
0 . 9 8 9 4 5 7 5  
0 . 9 8 5 7 9 8 8  
0 . 9 8 1 8 2 0 0  
0 . 9 7 7 6 5 3 0  
0 . 9 7 3 4 2 1 3  
0 . 9 9 7 7 7 8 1  
0 . 9 9 2 9 8 1 9  
0 . 9 8 5 1 6 1 4  
0 . 9 7 3 9 5 0 0  
0 . 9 5 9 4 5 4 8  
0 . 9 4 2 3 8 5 6  
0 . 9 2 3 6 8 3 6  
0 . 9 0 4 2 4 6 8  
0 . 8 8 4 8 5 1 9  
0 . 3 6 6 1 3 3 3  
0 . 9 9 1 7 7 6 5  
0 . 9 7 7 9 2 1 0  
0 . 9 5 5 3 4 9 1  
0 . 9 2 4 9 8 1 7  
0 . 8 9 0 1 4 7 9  
0 . 8 5 3 9 7 0 1  
0 . 8 1 8 8 3 5 8  
0 . 7 8 6 4 0 2 2  
0 . 7 5 7 4 2 8 2  
0 . 7 3 1 9 3 8 9  
0 . 9 8 1 0 0 8 2  
0 . 9 5 1 6 8 4 8  
O . 9 0 8 5 2 6 2  
0 . 8 5 9 3 7 3 2  
0 . 8 1 0 3 6 4 7  
0 . 7 6 5 4 4 2 8  
0 . 7 2 6 2 6 6 6  
0 . 6 9 2 5 4 3 7  
0 . 6 6 3 4 7 6 2  
0 . 6 3 8 6 6 0 1  
4 0 0 0  4 5 0 0  
0 .  9 9 9 8 1  7 3  
0 .  9 9 9 7 8 6 3  
0 . 9 9 9 7 5 7 6  
0 . 9 9 9 7 3 1 9  
0 . 9 9 9 7 1 0 3  
0 .  9 9 9 6 9 2 5  
0 . 9 9 9 6 7 8 6  
0 . 9 9 9 6 6 9 2  
0 . 9 4 9 6 6 3 8  
C «  9 9 9 6 6 1 3  
0 . 9 9 8 3 0 8 1  
0 . 9 9  7 9 6 5 6  
0 . 9 9 7 6 5 9 6  
0 . 9  9  7 3 9 3 9  
0 . 9 9 7 1 6 9 8  
0 . 9 9 6 9 8 7 9  
0 . 9 9 6 8 4 8 7  
0 . 9 9 6 7 5 0 4  
0 . 9 9 6 6 9 0 5  
0 . 9  9  6 6 6 4  8  
0 . 9 9 0 1 7 9 6  
0 . 9 8 6 5 5 2 8  
0 . 9 8 3 2 8 7 6  
0 . 9 8 0 4 6 1 7  
0 . 9 7 8 1 0 0 4  
0 . 9 7 6 2 0 2 1  
0 . 9 7 4  7 4 0 3  
0 . 9 7 3 6  7 7 1  
0  . 9 7 2 9 6 4 9  
0 . 9 7 2 5 5 6 0  
0 . 9 / 4 6 9 1 3  
0 . 9 6 2 8 1 1 3  
0 .  9 5 0 9 9 5 4  
0 . 9 3  9 9 9 9 4  
0 . 9 3 0 2 0 6 4  
0 . 9 2 1 7 4 3 8  
0 . 9 1 4 5 8 6 1  
0 .  9 0 8 6 4 1 9  
0 . 9 0 3 7 9 4 9  
0 . 8 9 9 9 2 5 9  
O  . 9 5 6 8 6 3 0  
0 . 9 3 7 0 2 5 4  
0 . 9 1 8 3 7 5 0  
0 . 9 0 1 7 3 1 0  
0 . 8 8 7 1 5 8 8  
0 . 6 / 4 4 7 5 8  
0 . 8 6 3 5 1 2 4  
0 . 8 5 4 0 8 2 4  
0 . 8 4 5 9 6 2 8  
0 . 8 3 8 9 4 8 7  
0 . 9 3 8 4 6 2 0  
0 . 9 1 2 6 6 0 7  
0 . 8 8 9 7 1 1 6  
0 . 8 6 9 5 6  7 9  
0 . 8 5 2 3 6 6 6  
0 . 8 3 7 8 5 7 9  
0 . 8 2 5 4 7 5 5  
0 . 8 1 4 9 6 6 3  
0 . 8 0 5 9 4 5 3  
0 . 7 9 8 0 8 2 3  
4 5 0 0  5 0 0 0  
0 . 9 9  9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 7 4 4  
G .  9 9 9 9 9 9 9 / 2 0  
0 . 9 9 9 9 9 9 9 6  1 2  
0 . 9 9 9 9 9 9 9 2 7 7  
0 . 9 9 9 9 9 9 8 4 8 3  
0 . 9 9 9 9 9 9 6 9  2 4  
0 . S 9 9 9 9 9 4 2  6 9  
0 . 9 9 9 9 9 9 9  7 4  7  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9  7 4 6  
0 . 9 9 9 9 9 9 9 7 1 6  
0 . 9 9 9 9 9 9 9 4 7 6  
0 . 9 9 9 9 9 9 8 3 9 3  
0 . 9 9 9 9 9 9 5 0 4 6  
G . 9 9 9 9 9 8 7 1 0 2  
0 . 9 9 9 9 9 7 1 5 1 4  
0 . 9 9 9 9 9 4 4 9 6 2  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 7 3 2  
0 . 9 9 9 9 9 9 9 4 3 2  
0 . 9 9 9 9 9 9 7 0 3 4  
0 . 9 9 9 9 9 8 6 2 0 2  
O . 9 9 9 9 9 5 2 7 3 2  
0 . 9 9 9 9 8 7 3 3 0 5  
0 . 9 9 9 9 7 1 7 4 7 0  
0 . 9 9 9 9 4 5 2 0 9 1  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 7 4 6  
0 . 9 9 9 9 9 9 9 5 9 4  
0 . 9 9 9 9 9 9 6 5 9 3  
0 . 9 9 9 9 9 7 2 6 1 2  
0 . 9 9 9 9 8 6 4 3 1 0  
0 . 9 9 9 9 5 2 9 7 9 7  
0 . 9 9 9 8 7 3 6 5 7 4  
0 . 9 9 9 7 1 8 2 5 / 7  
0 . 9 9 9 4 5 4 2 5 5 8  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 7 3 1  
0 . 9 9 9 9 9 9 8 2 0 9  
0 . 9 9 9 9 9 6 8 2 0 1  
0 . 9 9 9 9 7 2 8 4 9 2  
0 . 9 9 9 8 6 4 7 2 4 7  
0 . 9 9 9 5 3 1 9 5 2 1  
0 . 9 9 8 7 4 9 0 6 4 2  
0 . 9 9 7 2 3 7 5 3 1 2  
0 . 9 9 4 7 2 9 0 7 2 4  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 5 8 3  
0 . 9 9 9 9 9 8 4  3 6 8  
0 . 9 9 9 9 6 8 4 4 4 9  
0 . 9 9 9 7 2 9 6 3 7 2  
0 . 9 9 8 6 6 5 9 1 5 5  
0 . 9 9 5 5 0 4 2 4 4 8  
0 . 9 8 8 5 9 9 7 0 1 8  
0 . 9 7 6 8 7 4 4 4 0 6  
0 . 9 6 0 6 7 7 9 9 5 8  
5 0 0 0  5 5 0 0  
0 . 9 9 9 9 9 9 9  7 4 7  
0 . 9 9 9 9 9 9 9 7 4 6  
0 . 9 9 9 9 9 9 9 7 1 8  
0 .  9 9  9  9  9 9 9 5  4 0  
0 . 5 9 9 9 9 9 8 8 7 9  
0 .  9 9 9 9 9 9 7 1  7 1  
0 .  9 9 9 9 9 9 3 7  1 4  
0 . 9 9 9 9 9 6 7 8 4 5  
0 .  9 9 9 9 9  7 9 0 9 0  
0 . 9 9 9 9 9 6 7 2 5 3  
0 . 9 9 9 9 9 9 9  7 4  7  
0 . 9 9 9 9 9 9 9  7 3 1  
0 . 9 9 9 9 9 9 9 4 5 7  
0 . 9 9 9 9 9 9 7 6 7 4  
0 . 9 9 9 9 9 9 1 0 6 8  
0 . 9 9 9 9 9 7 3 9 8 4  
0 . 9 9 9 9 9 3 9 4 1 7  
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0 . 9 9 9 9 9 8 6 3 2 7  
0 . 9 9 9 9 8 5 2 6 2 9  
0 . 9 9  9  9 2 1 0  9 3  5  
0 . 9 9 9 7 2 9 3 1 8 6  
0 . 9 9 9 3 0 9  3 4 2 4  
0 . 9 9 6 5 6 5 3 2 2 2  
0 . 9 9  7 4  2 9 9 1 0  4  
0 . 9 9 5 6 7 4 3 1 9 0  
0 . 9 9 9 9 9 9 9 4  7 9  
0 . 9 9 9 5 9 7 7 1 2 5  
0 . 9 9 9 9 6 8  1 3 0  1  
0 . 9 9 9 8 1 9 1 1 3 2  
0 . 5 9 9 3 9 0 0 1 4 2  
C .  5 9  8 5  1 2 9 0 0  1  
0 . 5 9 7 0 7 2 7 3 2 0  
0 . 9 9  5 0  2 7 4 9 9 8  
0 . 9 9 2 3 9 8  3 0 6 7  
0 . 9 8 9 2 5 0  3 8 5 1  
0 . 9 9 9 9 9 3 4 0 0 1  
0 . 9 9 9 8 9 0 5 6 4 2  
0 . 9 9 9 4 1 6 3 3 1 7  
0 . 9 9 8 2 6 1 5 7 9 2  
0 . 9 9 6 2 8 8 5 9 6 4  
0 . 9 9 3 5 3 6 3 8 6 4  
0 . 9 9 0 1 2 9  4 0 0 4  
0 . 5 8 6 2 1 4 1 9 2 8  
0 . 9 6 1 9 3 8 4 6 8 0  
0  . 9 7 7 4 4 6  7 3 6 0  
0 . 9 9 9 9 9 9 9 7 4 0  
0 . 9 9 9 9 9 9 6 2 3 3  
0 . 9 9 9 9 8 6 5 5 7 7  
0 . 9 9 9 8 5 3 0  9 9 6  
0 . 9 9 9 2 1 6 6 3 2 9  
0 . 9 9 7 3 4 5 6 9 1 3  
0 . 9 9 3 3 7 4 9 8 6 5  
0 . 9 8 6 6 6 7 8 2 0 4  
0  . 9 7 7 0 4 4 4 1 6 8  
0 . 9 6 4 7 6 9 4 8 6 5  
0 . 9 9 9 9 9 5 7 0 6 3  
0 . 9 9 9 9 7 7 3 6 4 6  
0 . 9 9 5 6 8 3 0 9 4 7  
0 . 9 9 8 2 2 7 4 0 7 1  
0 . 9 9 4 2 0 6 9 5 6 4  
0 . 9 8 6 5 2 4 0 0 3 3  
0 . 9 7 4 9 3 2 6 8 3 5  
0 . 9 5 9 8 8 4 2 3 2 8  
0 . 9 4 2 1 4 5 7 6 7 2  
0 . 9 2 2 5 8 2 6 0 7 8  
0 . 9 9 9 9 3 4 4 2 7 5  
0 . 9 9 8 9 3 5 0 9 0 0  
0 . 9 9 4 6 6 6 5 0 2 1  
0 . 9 8 5 5 1 3 7 1 6 3  
0 . 9 7 1 9 3 5 1 6 0 9  
0 . 9 5 5 0 9 1 3 3 6 9  
0 . 9 3 5 8 5 7 6 8 7 1  
0 . 9 1 5 1 8 4 7 4 5 6  
0 . 8 9 3 9 0 8 1 6 2 8  
0 . 8 7 3 0 2 1 7 4 1 0  
0 . 9 9 9 9 9 9 9 6 7 0  
0 . 9 9 9 9 9 6 4 6 0 6  
0 . 9 9 9 8 6 6 0 7 5 4  
C . 9 9 8 5 5 4 9 3 8 5  
0 . 9 9 2 6 6 9 5 0 6 7  
0 . 9 7 7 6 6 1 6 5 8 2  
0 . 9 5 2 3 3 2 4 4 4 3  
0 . 9 2 0 0 0 8 5 8 2 8  
0 . 8 8 5 0 8 4 6 1 9 0  
0 . 8 5 0 5 9 4 9 0 1 3  
0 . 9 9 9 9 9 7 2 9 0 3  
0 . 9 9 9 7 7 5 0 7 8 0  
0 . 9 9 6 9 7 8 6 2 7 1  
C . 9 8 5 1 6 2 0 5 3 3  
0 . 9 6 0 7 5 2 0 6 5 5  
0 . 9 2 7 3 2 9 4 7 0 2  
0 . 8 8 9 0 0 0 7 3 3 4  
0 . 8 4 8 5 7 2 3 4 4 7  
0 . 8 0 9 1 6 2 3 8 1 8  
0 . 7 7 3 2 1 1 7 1 2 1  
0 . 9 9 9 3 6 3 6 7 7 1  
C . 9 9 1 5 1 9 3 5 5 4  
0 . 9 6 9 7 5 9 9 5 8 8  
0 . 9 3 9 0 8 4 9 4 3 6  
0 . 9 0 3 2 9 3 0 0 9 5  
0 . 8 6 3 8 4 1 8 4 0 5  
0 . 8 2 4 6 9 5 1 4 4 0  
0 . 7 8 9 1 8 9 7 7 1 3  
0 . 7 5 8 0 6 0 1 7 3 0  
0 . 7 3 0 8 7 9 6 5 9 4  
0  . 9 9 9 9 9 9 8 9 7 4  
0 . 9 9 9 9 6 4 8 6 1 6  
0 . 9 9 8 6 8 7 3 8 6 8  
0 . 9 8 7 5 1 6 2 3 2 6  
0 . 9 5 3 8 4 3 4 9 5 3  
0 . 9 0 4 9 7 1 6 2 7 0  
0 . 8 5 4 5 9 4 6 1 2 9  
0 . 8 0 8 0 9 4 1 3 9 6  
0 . 7 6 5 9 8 2 1 4 3 3  
0 . 7 2 8 9 2 1 5 7 8 6  
0 . 9 9 9 9 7 3 1 6 1 9  
0 . 9 9 7 8 6 3 7 8 7 8  
0 . 9 7 8 9 1 3 5 2 3 0  
0 . 9 3 6 4 7 5 6 2 4 1  
0 . 8 8 4 3 7 6 2 6 2 5  
0 . 8 2 8 0 5 7 7 5 9 3  
0 . 7 7 4 7 6 5 3 5 4 9  
0 . 7 2 8 6 4 0 8 7 0 3  
0 . 6 8 9 4 8 5 7 2 1 0  
0 . 6 5 6 6 4 7 7 5 3 5  
0 . 9 9 5 0 1 6 4 3 4 3  
0 . 9 6 6 3 0 0 8 6 3 8  
0 . 9 2 2 5 5 9 0 5 4 8  
0 . 8 7 0 9 1 4 9 5 6 3  
0 . 8 1 6 3 7 3 3 6 0 4  
0 . 7 6 8 0 4 7 3 9 1 1  
0 . 7 2 6 7 1 7 4 1 4 4  
0 . 6 9 1 1 6 0 0 8 1 5  
0 . 6 6 0 4 4 7 3 6 7 4  
0 . 6 3 4 2 1 9 1 9 5 8  
3 8 0 0  4 0 0 0  
0 . 9 9 9 9 9 3 3  
0 . 9 9 9 9  7 2 8  
0 . S 9 9 9 3 7 6  
0 . 9 9 9 3 9 1 8  
0 . S 9 9 9 4 0 3  
0 . 9 9 9 7 8 6 1  
C . S 9 9 f 3 0 0  
0 . 9 9 9 6 7 4 6  
0 . 9 9 9 6 2 0 6  
0 .  5 9  9 5 6 9 2  
0 . 9 9 5 9 2 4 9  
C . 9 3 5 7 1 2 8  
0 . 9 9 9 3 5 7 3  
0 . 9 9 8 9 0 4 3  
0 . 9 9 6 3 9 4 1  
0 . 9 9 7 8 5 4 8  
0 . 9 5 7 3 0 3 4  
0 . 9 5 6 7 5 6 0  
0 . 5 5 6 2 2 3 8  
0 . 9 5 5 7 2 1 2  
0 . 9 9 9 2 6 6 2  
0 . 9 9 7 3 1 4 5  
D . 9 9 4 1 7 6 4  
0 . 9 9 0 2 4 7 2  
0 . 9 8 5 8 3 6 3  
0 . 9 6 1 1 3 6 0  
0 . 5 7 6 3 1 1 3  
0 . 9 7 1 5 2 2 3  
0 . 9 6 6 9 1 7 7  
0 . 9 6 2 6 1 5 4  
0 . 9 9 4 5 0 5 4  
0 . 9 8 3 5 3 6 5  
0 . 9 6 8 4 9 4 7  
0 . 9 5 0 7 2 5 2  
0 .  9 3  0 8 8 6 9  
0 . 9 1 0 0 4 3 7  
0 . 3 8 9 4 9 1 1  
0 . 8 7 0 2 0 1 6  
0 . 8 5 2 6 9 0 8  
0 . 8 3 7 1 3 3 0  
0 . 9 8 0 0 7 8 0  
0 . 9 5 3 4 7 9 8  
0 . 9 2 1 0 8 8 6  
O . 8 6 4 4 1 8 0  
0 . 8 4 8 2 5 1 9  
0 . 8 1 5 4 0 5 2  
0 . 7 8 6 5 5 2 8  
0 . 7 6 1 3 7 8 9  
C . 7 3 9 3 0 0 4  
0 . 7 1 9 8 7 1 2  
0 . 9 5 7 5 2 7 8  
0 . 9 1 4 7 9 3 6  
0 . 8 6 4 9 7 3 2  
0 . 8 1 7 8 6 2 2  
0 . 7 7 6 5 3 0 4  
0 . 7 4 0 9 1 7 0  
0 . 7 0 9 8 6 6 3  
0 . 6 8 2 9 8 5 8  
0 . 6 5 9 6 8 8 3  
0 . 6 3 9 5 7 9 2  
4 0 0 0  4 2  0 0  
0 .  5 9 y a 4  1 2  
0 .  5 9 9 7 8  8 0  
0 .  5 9 5 7 3  3 7  
0 .  5 9 9 6 7  8 4  
0 .  9 9  9 6 2  4 0  
0 .  5 9  5 5  7  2 9  
0 .  5 9 9 5 2  7 1  
0 .  9 9 9 4 8  8 9  
0 .  5 9 5 4 5  8 9  
0 .  9 9 9 4 3  5 7  
0 . 9 9 8 4 9 7 8  
0 . 9 9  7 9 5 2  3  
0 . 5 5 7 4 0 2 6  
0 . 9 9 6 8 4 7 2  
0 . 5 9 6 3 0 4 3  
0 . 9 5 5 7 9 8 8  
0 . 9 9 5 3 5 1 0  
0 . 9 9 4 9 7 4 8  
C . 9 9 4 6 7 5 2  
0 . 5 9 4 4 5 1 5  
0 . 9 9 0 3 5 1 6  
0 . 9 8 5 3 6 7 2  
0 . 9 8 0  1 8 6 2  
0 . 9 7 5 0 4 9 5  
0 . 9 7 0 2 1 9 3  
0 . 5 6 5 8 8 7 1  
0 . 9 6 2 1 5 2 8  
0 . 9 5 9 0 5 2 4  
0 . 9 5 6 5 7 1 2  
0 . 9 5 4 6 7 2 3  
0 . 9 7 1 1 6 1 1  
0 . 9 5 3 1 0 1 2  
0 . 9 3 3 4 3 5 0  
0 . 9 1 4 2 5 6 3  
0 . 8 9 6 6 1 7 2  
0 . 8 8 0 9 3 4 4  
C . 8 6 7 2 8 5 5  
0 . 8 5 5 5 9 3 0  
0 . 8 4 5 7 1 2 6  
C . 6 3 7 4 7 5 0  
0 . 9 4 5 2 5 2 1  
0 . 9 1 2 8 2 4 7  
C . 8 8 1 5 2 7 5  
0 . 8  5 2 9  7 6 9  
0 . 8 2 7 3 9 2 3  
0 . 8 0 4 7 2 3 7  
0 . 7 8 4 8 6 0 6  
0 . 7 6 7 5 6 7 7  
0 . 7 5 2 5 8 1 8  
0 . 7 3 9 5 1 7 7  
0 . 9 1 6 3 4 7 7  
0 . 8 7 4 0 9 0 2  
0 . 6 3 5 3 8 4 5  
0 . 8 0 0 3 7 2 8  
0 . 7 6 9 6 9 6 8  
0 . 7 4 3 5 0 6 7  
0 . 7 2 1 0 8 6 2  
0 . 7 0 2 0 4 7 0  
0 . 6 8 5 8 5 7 2  
0 . 6 7 1 9 2 9 9  
4 2 0 0  4 4 0 0  
0 . 5 9 9 7 0 2 1  
0 . 5 9 9 6 7 7 8  
0 . 9 9 9 6 6 0 1  
0 . 9 9 9 6 5 1 3  
0 . 5 9 9 6 5 1 7  
0 . 9 9 9 6 3 6 4  
0 . 9 9 9 6 6 9 4  
0 . 9 9 9 6 8 4 3  
0 . 5 9 9 7 0 0 4  
0 . 5 9  9 7  1 7 2  
0 .  5 5 7 2  7 2 4  
0 . 5 9 6 9 6 1 7  
0 . 9 9 6 7 4 6 1  
0 . 5 5 6 6 3 7 5  
0 . 9 9 6 6 2 0 2  
0 . 9 5  6 6 7 1 0  
0 . 9 5 6 7 7 0 6  
0 . 9 9 6 9 0 1 2  
0 . 5 5  7 0 5 1 0  
0 . 9 9 7 2 1 0 6  
0 . 9 8 5 0 9 7 3  
0 . 9 8 1 0 1 4 7  
0 . 9 7 8 0 3 2 8  
0 . 9 7 6 1 0 4 3  
0 . 9 7 5 0 3 1 9  
0 . 9 7 4 6 1 8 0  
0 . 9 7 4 6 9 7 8  
0 . 9 7 5 1 4 0 5  
0 . 9 7 5 8 4 1 1  
0 . 9 7 6 7 1 7 8  
O . 9 6 5 5 6 6 9  
0  . 5 5 3 9 2 6 9  
0 . 9 4 4 0 5 3 5  
0 . 9 3 5 7 4 2 0  
0 . 9 2 8 3 9 8 8  
0  . 9 2 3 4 2 5 0  
0 . 9 1 9 1 7 9 7  
0 . 9 1 6 0 1 1 9  
0 . 9 1 3 7 7 4 5  
0  . 9 1 2 3 3 9 8  
0 . 9 4 6 9 0 5 6  
0 . 9 2 9 7 3 6 7  
0 . 9 1 4 4 1 0 1  
0 . 9 0 1 3 5 0 6  
0 . 8 9 0 5 0 4 5  
0 . 8 8 1 4 6 5 9  
0 . 8 7 3 9 2 0 3  
0 . 8 6 7 6 1 8 4  
0 . 6 6 2 3 2 4 5  
0 . 8 5 7 8 5 3 9  
0 . 9 2 9 8 0  7 4  
0 . 5 0 7 5 6 1 5  
0 . 8 8  8 8 9 4 6  
0 . 8 7 3 5 4 6 7  
0 . 6 6 1 2 1 9 8  
0 . 6 5 1 1 3 7 9  
0 . 6 4 2 6 0 2 4  
0 . 8 3 5 3 6 8 8  
0 . 8 2 9 0 0 6 1  
0 . 8 2 3 2 7 5 7  
4 4 0 0  4 6 0 0  
0.9yyy999747 
0 . G 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . S 9 9 9 9 9 9 7 4 7  
0 . ^ 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 3 9 9 7 4 4  
0 , S 9 9 9 9 9 9 7 3 3  
O.Syg9999698 
0 , 5 9 9 9 9 9 9 6 0 6  
0 . 9 9 9 9 9 9 9 4 0 2  
4 6 0 0  4 8 0 0  
0 . 9 9 , 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 5 9 9 9  3 9 9 7 4 7  
0 . Ç 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9  7 4 0  
0 .  S 9 9 9 9 9 9 7 0 6  
0 . 5 9  9 3 9  9 9 5  9 0  
0 . 9 9  9 9 9 9 9 2 8 5  
0 . 5 9 9 9 9 5 8 6 2 7  
0 . 9 9 9 9 9 9 7 4 0 5  
4 8 C Û  5 0 0 0  
0 . 5 9 9 9 9 9 9 7 4 7  
0 . 5 9 9 9 9 9 9 7 4 7  
0 . 5 9 9 9 9 9 9 7 4 7  
0 . 5 9 9 9 9 9 9 7 4 0  
0 . 5 9 9 9 9 9 9 6 8 7  
0 . 5 9 9 9 9 5 9 4 5 2  
0 . 9 9 9 9 9 9 8 7 4 1  
0 . 5 9 9 9 9 9 7 0 8 8  
0 . 5 9 9 9 9 9 3 9 2 0  
0 . 5 9 9 9 9 8 8 6  5 7  
0 . 9 9 9 9 9 9 9  7 4  7  
0  . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 7 4 7  
0  . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9  7 4 3  
0 . 9 9 9 9 9 9 9 7 1 7  
0 . 9 9 9 9 9 9 9 6 0  8  
0  . 9 9 9 9 9 9 9 2 5 5  
0  . 9 9 9 9 9 9 8 3 3 3  
0 . 9 9 9 9 9 9 6  2 9  6  
0 . 5 9 9 9 9 9 9  7 4 7  
0 . 9 9 9 9 9 9 9 7 4 7  
0  . 9 9 9 9 9 9 9 7 4 7  
0  . 9 9 9 9 9 9 9  7 4 0  
0  . 9 9 9 9 9 9 9 6 7 5  
0 , 9 9 9 9 9 9 9 3 3 8  
0 . 9 9 9 9 9 9 8 1 7 7  
0 . 9 9 9 9 9 9 5 1 2 5  
0 . 9 9 9 9 9 8 8 5 4 7  
0 . 9 9 9 9 9 7 6 3 2 3  
0 . 9 9 9 9 9 9 9 7 4 7  
0  . 9 9 9 9 9 9 9  7 4 7  
0 . 9 9 9 9 9 9 9  7 4 4  
0 . 9 9 9 9 9 9 9 6 7 6  
0 . 9 9 3 9 9 9 9 1 4 5  
0 . 9 9 9 9 9 9 6 7 9 6  
0  . 9 9 9 9 9 8 9 6 8 2  
0 . 9 9 9 9 9 7 3 1 5 7  
0 . 9 9 9 9 9 4 1 4 7 8  
0  . 9 9 9 9 8 8 8 8 4 6  
C . 9 3 9 9 9 9 9 7 4  7  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9  7 4 7  
0 . 9 9 9 9 9 9 9 7 4 4  
0 . 9 9  9 9 9 9 9 7 0 5  
0 . 9 9 9 9 9 9 9 4 4 8  
0 . 9 9 9 9 9 9 8 3 5 2  
0 . 9 9  9 9 9 9 4 8 2 0  
0 . 9 9 9 9 9 8  5 6 0  4  
O . 9 9 9 9 9 6 5 2 3 5  
0 . 9 9  9 9 9 9 9 7 4  7  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 7 4 5  
0 . 9 9  9 9 9 9 9 6 7 6  
0 . 9 9 9 9 9 9 9 0 2 3  
C . 9 9 9 9 9 9 5 6 5 8  
0 . 9 9 9 9 9 8 4 0 3 9  
0 . 9 9 9 9 9 5  3 5 2 9  
0 . 9 3 9 9 8 8 7 7 5 8  
0 . 9 9 9 9 7 6 5 5 4 1  
0 . 9 9 9 9 9 9 9 7 4 7  
C  . 9 9 9 9 9 9 9 7 4 7  
0  .  9 9  9 9  9 9 9 7  1  2  
0 . 9 9 9 9 9 9 9 0 3 3  
0 . 9 9 9 9 9 9 3 7 2 6  
0 . 9 9 9 9 9 7 0 2 3 2  
0 . 9 3 9 9  8 9 9 0 9 4  
0 . 9 9 9 9 7 3 3 8 7 5  
0 . 9 9 9 9 4 1 7 1 9 4  
0 . 9 9 9 8 8 9 1 1  9 2  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 7 1 5  
0 . 9 9 9 9 9 9 9 3 2 0  
0 . 9 9 9 9 9 9 6 7 5 7  
0 . 9 9 9 9 9 8 5 7 9 3  
0 . 9 9 9 9 9 5 0 4 8 0  
0 . 9 9 9 9 6 5 8 3 5 5  
0 . 9 9 9 9 6 5 4 8 0 3  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9  7 4 7  
0 . 9 9 9 9 9 5 9 7 2 1  
0 . 9 9 9 9 9 9 9 0 3 5  
0 . 9 9 9 9 9 9 2 5 0 2  
0 . 9 9 9 9 9 5 8 8 5 3  
0 . 9 9 9 9 8 4 2 6 9 0  
0 . 9 9 9 9 5 3 7 7 6 5  
0 . 9 9 9 8 8 8 0 8 3 0  
0 . 9 9 9 7 6 6 1 4 9 5  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 7 4 3  
0 . 9 9 9 9 9 9 9 3 9 0  
0 . 9 9 9 9 9 9 2 6 0 2  
0 . 9 9 9 9 9 3 9 5 3 6  
0 . 9 9 9 9 7 0 4 6 4 3  
0 . 9 9 9 8 9 9 3 6 8 2  
0 . 9 9 9 7 3 4 3 9 4 6  
0 . 9 9 9 4 1 8 7 2 1 4  
0 . 9 9 8 8 9 5 8 6 5 3  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 7 3 9  
0 . 9 9 9 9 9 9 9 4 2 2  
0 . 9 9 9 9 9 9 5 4 7 1  
0 . 9 9 9 9 9 6 9 8 4 6  
0 . 9 9 9 9 8 6 0 2 6 1  
0 . 9 9 9 9 5 0 7 6 3 1  
0 . 9 9 9 8 5 8 9 3 6 7  
0 . 9 9 9 6 5 6 7 8 1 5  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 7 4 6  
C . 9 9 9 9 9 9 9 4 8 1  
0 . 9 9 9 9 9 9 2 6 2 6  
0 . 9 9 9 9 9 2 7 3 0 1  
0 . 9 9 9 9 5 9 1 0 2 2  
0 . 9 9 9 8 4 3 1 7 9 3  
0 . 9 9 9 5 3 9 8 8 6 1  
0 . 9 9 8 8 9 0 6 5 0 5  
0 . 9 9 7 6 9 9 0 4 7 5  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 7 0 8  
0 . 9 9 9 9 9 9 6 1 7 7  
0 . 9 9 9 9 9 2 6 2 9 7  
0 . 9 9 9 9 3 9 7 8 6 1  
0 . 9 9 9 7 0 5 3 1 7 0  
0 . 9 9 8 9 9 8 4 6 0 6  
0 . 9 9 7 3 7 2 8 8 3 9  
0 . 9 9 4 3 1 4 3 4 1 2  
0 . 9 8 9 3 8 5 7 1 9 1  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 6 6 2  
0 . 9 9 9 9 9 9 6 4 9 8  
0 . 9 9 9 9 9 5 6 9 9 1  
0 . 9 9 9 9 7 0 1 1 1 7  
0 . 9 9 9 8 6 1 0 8 7 2  
0 . 9 9 9 5 1 3 3 1 7 7  
0 . 9 9 8 6 2 3 9 4 3 7  
0 . 9 9 6 7 3 3 4 5 3 8  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 7 2 9  
0 . 9 9 9 9 9 9 7 0 8 0  
0 . 9 9 9 9 9 2 8 5 4 3  
0 . 9 9 9 9 2 7 6 1 1 0  
0 . 9 9 9 5 9 3 3 9 1 2  
0 . 9 9 8 4 5 7 6 6 6 1  
0 . 9 9 5 5 8 0 5 3 3 5  
0 . 9 8 9 7 8 6 3 4 9 8  
0  . 9 8 0 1 8 1 7 4 3 6  
0  . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 3 5 4  
0 . 9 9 9 9 9 6 4 0 4 6  
0 . 9 9 9 9 2 8 5 6 5 5  
0 . 9 9 9 4 0 0 2 9 7 9  
0 . 9 9 7 0 9 7 3 2 1 3  
0 . 9 9 0 4 1 9 8 5 7 8  
0 . 9 7 6 3 1 4 5 8 6 8  
0 . 9 5 3 4 7 9 9 0 5 7  
0 . 9 2 3 9 8 8 0 1 3 5  
5 0 0 0  5 2 0 0  
0 « S 9 9 J 9 9 9 7 4 7  
0.G9Sj3S9747 
0 . 9 9 9 9 9 9 9 7 4 4  
0 . S 3 9 9 9 S 9 7 1 0  
0 . S 9 9 9 9 S 9 5 1 2  
0 . Ç J 9 9 9 Ç 8 3 2 1  
0 . S 9 9 9 9 9 7 0 7 6  
0 .  9 9 9 9 9 9 3 5 8 3  
0 . 5 9 9 9 9 6 7 0 4 7  
0 . 9 9  9 9 9 7 8 7 4 7  
5 2 0 3  5 4 0 0  
0 . ^ 9 9 9 9 9 9 7 4 7  
0 .  9 9 9 9 9 9 9  7 4 6  
O.Ç9S<J999723 
0 . S 9 9 9 9 9 9 5 4 4  
O . S 9 9 9 3 S a J 1 6  
0 . ^ 9 9 9 9 9 6 3 5 3  
0 . S 9 S 9 9 9 2 9 1 6  
0 . 5 9 9 9 9 8 5 9 5 6  
0 . 5 9 9 9 9  7 5 8 0 4  
0 . 9 9 9 9 9 6 2 2 5 2  
5 4 C 0  5 6 0 0  
0 . 9 9 9 9 3 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 7 3 3  
0 . 5 9 9 9 9 9 9 5 7 8  
0 .  5 9 9 9 9 9 6 8  7 1  
0 . 5 9 9 9 9 9 6 8 9 7  
0 . 5 9 9 9 9 9 2 8 4 8  
0 . 5 9 9 9 9 8 6 0 9 3  
0 .  5 9 9 9 9 7 6 3 6 4  
0 . 9 9 9 9 9 6 3 7 7 9  
0 . 5 9 9 9 9 4 8 7 6 7  
0 . 9 9 9 9 9 9 9 7 4 7  
0  . 9 9 9 9 9 9 9 7 4 7  
0  . 9 9 9 9 9 9 9 7 1  9  
0 . 9 9 9 9 9 9 9 3 7 2  
0 . 9 9 9 9 9 9 7 3 9 6  
0  . 9 9 9 9 9 9 0  4 8 6  
0 . 9 9 9 9 9 7 3 0 5 6  
0 . 9 9 9 9 9 3 8 0 9 9  
0 . 9 9 9 9 8 7 8 7 4 6  
0 . 9 9 9 9 7 6 9 7 5 4  
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 7 4 1  
0 . 9 9 9 9 9 9 9 4 5 9  
0 . 9 9 9 9 9 9 5 9 8 9  
0 . 9 9 9 9 9 7 6 2 3 3  
0  . 9 9 9 9 9 0 7 1 3 3  
0 . 9 9 9 9 7 3  2 8 6 3  
0 . 9 9 9 9 3 8 3 4 2 0  
0 . 5 9 5 8 7 9 0 2 5 9  
0 . 9 9 9 7 9 0 1 2 7 0  
0 . 9  9 9 9 9 9 9 7 4  7  
0 . 9 9 9 9 9 9 9 6 8 6  
0 . 9 9 9 9 9 9 6 8 6 2  
0 . 9 9 9 9 9 6 2 1 6 7  
0 . 9 9 9 9 7 6 4 6 3 2  
0 . 9 9 9 9 0 7 4 0 0  9  
0 . 9 9 9 7 3 3 3  7 7 9  
0 . 9 9 9 3 8 5 0 4 2 0  
0 . 9 9 8 7 9 5 5 0 7 8  
0 . 9 9 7 9 1 5 8 4 8 7  
0 . 9 9 9 9 9 9 9 7 4 6  
0 . 9 9 9 9 9 9 9 1 2 9  
0 . 9 9 9 9 9 7 0 8 9 8  
0 . 9 9 9 9 6 2 4 0 5 3  
0 . 9 9 9 7 6 5 1 6 4 6  
0 . 9 9 9 0 7 8 1 3 3 3  
0 . 9 9 7 3 6 2 2 6 8 4  
0 . 9 9 3 9 8 6 7 4 3 7  
0 . 9 8 8 4 3 6 8 2 0  7  
0 . 9 8 0 5 0 0 0 7 6 8  
0 . 9 9 9 9 9 9 9 7 3 7  
0 . 9 9 9 9 9 9 3 5 6 7  
0 . 9 9 9 9 7 1 1 3 4 4  
0 . 9 9 9 6 2 5 2 9 2 6  
0 . 9 9 7 6 6 1 8 3 2 5  
0 . 9 9 1 1 S 4 7 9 C 6  
0 . 9 7 6 1 7 0 7 8 5 1  
0 . 9 5 0 9 2 4 9 7 4 0  
0 . 9 1 8 0 3 8 8 3 8 4  
0 . 8 8 2 8 5 4 6 3 5 7  
0 .9999999747 
0.9999999 73 7  
0 .9999999505 
C.9999997710 
O .9999990436 
0.9999970802 
0.9999930434 
0 .9999861842 
0.9999760335 
0.9999624843 
0 . 9 9 9 9 9 9 9 7 4 7  
0 . 9 9 9 9 9 9 9 6 4 6  
0 . 9 9 9 9 9 9 7 3 2 1  
0 . 9 9 9 9 9 7 9 3 7 8  
0 . 9 9 9 9 9 0 6 6 4 2  
0 . 9 9 9 9 7 1 0 3 3 5  
0 . 9 9 9 9 3 0 6 8 2 1  
0 . 9 9 9 8 6 2 1 4 0 3  
0 . 9 9 9 7 6 0 7 6 1 8  
0 . 9 9 9 6 2 5 5 3 5 2  
0 . 9 9 9 9 9 9 9 7 4 2  
0 . 9 9 9 9 9 9 8 7 3 7  
0 . 9 9 9 9 9 7 5 4 8 2  
0 . 9 9 9 9 7 9 6 0 8 2  
0 . 9 9 9 9 0 6 9 1 6 2  
0 . 9 9 9 7 1 0 9 3 6 8  
0 . 9 9 9 3 0 8 9 5 6 7  
0 . 9 9 8 6 2 8 5 7 7 3  
0 . 9 9 7 6 2 7 4 8 7 0  
0 . 9 9 6 3 0 1 3 0 9 7  
0 . 9 9 9 9 9 9 9 6 9 5  
0 . 9 9 9 9 9 8 9 6 4 8  
0 . 9 9 9 9 7 5 7 1 5 3  
0 . 9 9 9 7 9 6 5 8 6 7  
0 . 9 9 9 0 7 3 9 1 3 7  
0 . 9 9 7 1 4 6 3 3 2 1  
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IX. APPENDIX C; FITTING PARAMETERS 
FOR CO 
The MSM and ASM models require values of the straight 
mean opacity for CO. The straight means were calculated 
-1 -1 
over 100 cm intervals for the range 1000-6500 cm and 
the results in each interval were fit by the polynomial 
log a = -a^ + a^8 + a^G^ + a^T, (69) 
where 6 = 5040/T- The parameters are listed on pages 
201 and 202. In each interval, the values of a^, a^, 
a^f and a^ are found by reading across the page from 
left to right. 
The fitting technique for the transmission averages 
is discussed in subsection II.C.l. In a particular inter­
val, for a specified column density N, the effective cross 
section is found from 
log cy^ff{N)= -a^(N) + a^fNiB + 3^(^)8^ + a^(N)0^. 
(70) 
The fitting parameters for 500 cm intervals from 1000-
6500 cm ^  are given on pages 203 and 204. The first line 
-1 
in each block specifies the interval in cm . The six 
vertical columns contain the parameters for CO column densi­
ties of log N = 18r 19, 20, 21, 22, and 23 from left to 
right. In each column, the values of a^(N), agfN), a^(N), 
and a^(N) are read from top to bottom. 
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The fitting parameters for the transmission averages 
on the 101-interval frequency set are listed on pages 
205 through 208. 
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0 .223994E 02 
- .668437E 00 
- .211734E 00 
0 .477362E-01 
0 .223469E 0  2  
- .790603E 00 
- .121509E 00 
0 .248100E-01 
0 .223405E 02 
- .809089E 00 
- .107171E 00 
0 .212784E-01 
0 .223737E 02 
-•773601E 00 
- •120039E 00 
0 .227574E-01 
Q.226593E 02 
-•472170E 00 
- .232144E 00 
0 .368514E-01 
0 .235425E 02 
0 .107722E 00 
- .358195E 00 
0 .4S3334E-01 
6C00 6200 
0 .229088E 02 
- .S20146E-01 
- .254203E 00 
C.  440766E-01 
0 .229103E 02 
-•514252E-01 
- .254425E 00 
0 .436180E-01 
0 .229127E 0  2  
- .501471E-01 
- .254665E 00 
0 .435733E-01 
0 .229344E 02 
- .379608E-01 
- .25694lE 00 
0 .436203E-01 
0 .231117E 02 
0 .463735E-01 
- •267718E 00 
0 .428942Ê-01 
0 .236131E 02 
- •315145E-01 
- .141967E 00 
0 .189222E-01 
6200 6400 
0 .27203lE 02 
0 .442678E 01 
- .20343SE 01 
0 .281693E 00 
0 .240523E 02 
0 .919877E 00 
- .480392E 0 0  
0 .693328F.-0  1  
0 .2367306 02 
0 .707916E 00 
- .385004E 00 
0 .557814E-01 
0 .238594E 02 
0 .673639E 00 
- .368682E 00 
0 .5330 7SE-01 
0 .238369E 02 
0 .494902E 00 
- •284945E 00 
0 .  404899E-01 
0 .240319E 02 
0 .150855E 00 
- .141749E 00 
0 .203494E-01 
209 
X. APPENDIX D: EQUIVALENCE OF STRAIGHT MEAN 
AND TRANSMISSION AVERAGE OPACITIES 
IN WEAK LINE LIMIT 
In the case of very weak lines (T <^<1 at all frequen­
cies) the effective cross section determined from the 
transmission average opacity reduces to the straight mean 
cross section. This can be shown by beginning with the 
definition of the transmission average (Equation (6)); 
-T. 
e  ^= 
V 
e dv/Av- . (71) 
Av^   ^
Defining T. = o ^^N and T = a N where N is the column 
1 efr V v 
density. Equation (71) becomes 
-"eff" 
e 
-ON 
e  dv/Av.. (72) 
Av.  ^
Since a^ N=T^ <<l, the integrand in Equation (72) can be 
approximated by 
- O N  
e = 1 -o^ N (73) 
and Equation (72) becomes 
a N dv/Av. . (74) 
AVi 
Then 
a -„N = -ln[l- a N dv/Av.]. (75) 
'av^ ^ ^ 
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Since a N<<1 at all frequencies, it follows that 
V 
AVi 
a^N dv /Av^<<l .  (76) 
For small x, ln(l+x)=x. Using this approximation and 
relation (76), Equation (75) can be written 
°effN == 
AVi 
a  N dv /Av.  V 1 (77) 
or 
eff Av 
0  dv /Av.  
V 1 
(78) 
But the right-hand side of Equation (78) is the definition 
of the straight mean cross section. Thus, = ff, and 
for weak lines the straight mean opacity yields the same 
results as the transmission average opacity. 
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XI. APPENDIX E: LISTING OF MODELS 
A. Run of Physical Variables 
with Depth 
The model stellar atmospheres computed in this study 
are listed on the following pages. The 3-digit designator 
given to the right in the top row of each listing cor­
responds to a single model in Table 6 (section II.E). The 
models are listed in alphanumeric order of these desig­
nators. 
The meanings of all symbols used in the listings are 
given below. 
TEFF: Effective temperature of the star (K) 
LOG G: Base 10 logarithm of the surface gravity 
2 (cm/sec ) 
O 
WAVE: Standard wavelength (A) 
H/HE,C,N,0; Numerical abundances relative to hydrogen 
for hydrogen, helium, carbon, nitrogen 
and oxygen, respectively 
TAU: Optical depth at standard wavelength (dimension-
less) 
T: Temperature (K) 
2 P: Gas pressure (dynes/cm ) 
-3 XNE: Electron density (cm ) 
RHO: Total mass density (gm/cm^ ) 
KAPPA; Opacity at standard wavelength, including both 
absorption and scattering (cm2/gm) 
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H(KM): Geometric height relative to the point 
= 1.0 (km) 
GRAD: Adiabatic gradient (V^ ) 
GRRAD: Actual gradient (V) 
2 GR: Acceleration due to radiation pressure (cm/sec ) 
FC; Fraction of required flux carried by convection 
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000* Ç6I0' VZb't 4Ô(' iO*i2o('- 10 36l0 
000' 6600' 66l'l 06(^  iota9g('" to 3122 000* 0600' 6l<i' OKt io*a(o('" 10 3(21 
OOO* 6200' 661)' 10(5 i04Hi2*- 20 3901 
ooo'o 6t00' tfc(' 10*3622'" 20 3(26 
gOo'O 8100* 993' iOt '  io*ai«J'» 20 3921» 
000*0 DlOO' f»;ï' I6 t *  4U»32(l'- 20 3(6( 
ooo'o ((00* tF(3!' B6(' 90»J269'» 20 3ei( 
ooo'o (loo' 922' 90+a6l0'" 20 319( 
000*0 (too' ib t * .  'o 20 39(( 000*0 «100* Uï' i6(y 9041000' 20 3(0( 
ooo'o noo* 99\ \  #6f^  96*1X09* 20 3012 
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ooo'o 9000' 960' 96(' lO*lBU' 20 3S(l 
oOo'o 9000' (90' S6(^  10*1091' 20 39(1 
ooo'o iOQO.  MO' ff9(^  10*1009' 20 3001 
ooo'o iOOO* »fO* LVt '  l6*ïfl6'î 20 3161 
000*0 •ooo' 0i,0* mi 10+1*96* 20 3691 
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01 60 3901' to S&lft! 9 c&ie to 3921' 01 3191* 90*1619* to 3062' 0 6992 to 3001' 01 3611' 90 396( to 3(61* 9 9162 20 3061' 
It 3028' 90 3022* 10 3((1' 6 061)2 20 31(9' 
11 »39I9* 90 326 00 3016' 6 0202 20 3106' 11 "3290° 90 30 U* 00 3901* 0 69(2 20 396(' It »a6i(' lO 3999* 00 3196* 0 29(2 20 39t(' 
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It •3222* lO 3100* 00 3&2(* 1 0622 20 3961 ' 11 •3961' lO 399( 00 3192* 9 0022 20 3921' 
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000* 1900'  090*1 26(i  10+312£*" I0*3S6( 
000* 2000'  09») * 11( '  10*320( '- 10*3901 
000* S200'  680* 19( '  10+3992'* 20*3199 
000*0 I too* 9ts* (6£;  10*3122'* 20*3160 
000*0 Otoo'  013* 16( io+a(i i  = 80*3120 
000*0 ( too '  OS?* 96( '  10+3921'* 80*3S0O 
000*0 ( too* 902* 16( '  90+3109** 
90*3100** 
20*306£ 
000*0 2100'  I£? '  16£j  20*399£ 
000*0 1100* 022* S6£'  'o  80*32((  
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80-3S0I 
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000*0 oooo'  190'  091 '  lo+aiss '  80*36(1 
000*0 sooo'  090* 0S( '  10+3(19* 80*3OOI 
000*0 sooo* 090* SO(j  10+3119'  80*3101 
000*0 9000'  090* 90(j  l0+3l(l« 80*3S0l 
000*0 9000* 910* SS( '  10+3(61'  80*3ISi 
000*0 1000'  ISO* 10+39S9* 20*39S1 
000*0 9000* 610* ( ( ( '  10+3086* 80*3991 
000*0 otoo'  0*0'  10(j  i0«a066'  80*3091 
000*0 ( too* 6$0* 61£'  90+3101'  80*3118 
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1 ,100E 00 3202 1 .647E*02 262E*10 
2 ,126E 00 3248 1 ,820E+02 348E+10 
3 'iSBE 00 3293 2 ,103F+03 W59E*10 
4 ,200E 00 3342 u .l2dE»03 996E+10 
5 ,25lE 00 3394 2 ,l97Et03 775E*10 
6 ,316E 00 3453 9 .192E+03 lOlE+il 
7 '39flE 00 3524 6 .232E+03 155E+11 
8 'SOlE 00 3609 2 ,278E*03 176E*i1 
« SSIE 00 3710 3 .330E*03 234E*|1 
0 ,79«E 00 3828 5 .388E+03 309E+11 
1 ,100E 01 3959 a .493E+03 U03E+11 
2 ;j2fcE 01 ao«»9 8 .526E+n3 
3 ,1986 01 4247 9 .01lE+0) 6i6E+|1 
<1 ,200E 4ai8 9 ,714E+03 788E*l) 
5 ,25lE ui 4604 3 .8j9Et03 l02Eti2 
6 '316E 01 4816 u ,98iE*03 190E*12 
7 :39BE 01 5058 7 .I12E+04 264E+12 
8 'SOIE 01 5340 6 .I24E+04 543E+12 
9 ,631E 01 5663 1 ,|33Et04 l22E«t3 
0 ,79«E 01 6021 5 .139E*04 279E*i3 
1 .lOOE 02 6«29 5 ,l43Etnii 6«TE+J3 
,S5a6E.03 
RHO 
,1S5E.11 
.ggSE.Il 
'2a9E.ll 
.537E-11 
.«oeE-ii 
,50«E-11 
,64(IE.| 1 
.615E-11 
,115E-10 
.132E.10 
,206E.10 
.2T7E.10 
;J72|.!0 
.«96E-10 
'.663E"t 0 
.876E-10 
,USE.09 
.150E-09 
.193E.09 
,246E.09 
,31lE-09 
,3B6E.09 
,<I80E«09 
,S68E-09 
'715E-09 
.854E.09 
.loiE-oe 
.USE.08 
.137E.08 
.156E-08 
.l76E-oe 
.1"97E-0B 
,22iE-0» 
.2«6E-
,28OE>O0 
.313E.08 
,3ttlE-oe 
.357E-08 
. 361 Ea08 
,355E-oe 
.3<i2E-08 
,BSiie«ou 0 ,s8*8e.o) 
KAPPA H(KM) ARAD 
,400 
2^56 
ORRAO , CR PC 
971E.02 L|43E*08 ,067 '0073 0.000 
663E.02 ,135E*0B ,0S4 ,0049 0,000 
5B9E,02 ,133E*Q8 7248 ,082 ,0043 0,000 
911E.02 Il30E+08 '296 ,077 ,0038 0.000 
441E"02 ;i27E»ÔB ,073 ,0032 0.000 
3746-02 ,124E*08 '273 ,069 ,0027 0.000 
320E-02 ,120E*08 ,289 .066 ,0022 0.000 
277^ .02 ,115E*68 '307 ,064 ,0018 0,000 
244E«02 .llOEtOB ,'304 ,061 ,0019 0,000 
221E.02 .109E+Q0 (312 ,099 ,0012 0,000 
203E.02 .99IE*07 '329 ,060 ,0011 0,000 
l8Te*02 ,9i«e»o7 >310 ,062 ,0009 0,000 
I73g.02 LB79E*07 '318 ,064 ,0008 0.000 
162E.02 .822E407 >336 .069 ,0007 0,000 
194^ .02 .769E*07 ,394 .067 ,0006 0,000 
147E-02 .709E+n7 '3U5 ,067 ,0006 0,000 
I42E.02 .652E*07 '346 .064 ,0009 0,000 
I41E.02 ,597E+07 '395 ,062 ,0009 0.000 
141E-02 ,5«3E*07 ,363 .061 ,0004 0,000 
I43E.02 ,49oE*n7 ,397 .060 ,0004 0,000 
147E.02 .439E*07 ,394 ,060 ,0004 0,000 
I53E.02 ,399E»07 ,397 .061 ,0004 0,000 
160E"02 :34lEf07 ,367 ,065 ,0004 0.000 
169E-02 ,294E+07 ;36B .071 ,0005 0.000 
iei£«02 ,249E»n7 ,367 ,081 ,0009 0.000 
199E.02 .204B+07 ,369 .097 ,0006 0.000 
213E.02 ,l6tE+07 ,383 .119 ,0007 0.000 
236E.02 ,120E+07 ,391 ,146 ,000B 0.000 
264E.02 .789E*06 ,391 ,177 ,0009 0.000 
298Em02 ,39lE+n6 ,395 .206 .0010 n.ooo 
336E.02 0. ,396 ,226 L 0(112 ft.000 
569E-02 -,39îE*n6 ,397 .235 ,0012 O.OO" Ï92E-02 -.802F+06 ,397 .246 ,0013 0.000 
406E.02 •,124E*07 ,398 .294 ,0013 LOOO 
4S0E-02 -.l7lE*ft7 ,397 .268 .0015 @.000 
499E-02 ..219E+07 ,392 .317 LOOI8 0.000 
683E-02 •,262E*07 ,386 .432 ,0026 .000 
lllE-01 ..297E+07 ,377 .673 ,0044 .000 
201E.0I ",32lE+07 ,392 1.106 ,0085 .000 
386E.01 ..337E+07 ,312 1.864 ,0176 .000 
7S2E-01 .,348E»07 .262 3.286 .0582 .002 
TCfF 5600. LOG C 0,000 WAVE 5001 , AO 8 
H , »ovoE»yi HE ,9550t-ul C ,55u8E-0j 
TAU T P XN6 KHO 
1 0 2275 \ 268f+O0 .392c 07 .18lE-t1 2 :26E-02 2367 a SSOEtOO .83H 07 .5U8E-11 
S 158E*02 2377 7 606E+00 .943E 07 .393E-11 
4 200E.02 2394 0 699E+O0 . t IIE 08 .450E-H 
5 251E-02 2«J3 7 824E+00 .l3'iE on ,526E-l1 
6 516E.02 2430 8 987et00 . 157E 08 .62«E-11 
T 398E-02 2460 0 J22E+01 ,20 ÎE 06 .755E.11 
a SOIE.02 2639 0 I65t+0J . ioBE 08 ,9boE-l1 9 631E-02 2782 1 25oE+Ol ,78'jE o« .1Î8E-10 
10 79UE.Q2 2612 u 37ÛE+01 ,U4E 09 .202E.10 
It lOuE-Ot 2840 6 SI6E+0) , 157E 09 ,279E-10 
l2 126E-01 2870 9 700E40I ,21<IE 0" .375E.10 
11 15BE-01 2903 5 932E+01 ,290E 09 .493E.10 
14 200E«01 2936 7 123E+02 ,389f 09 ,6U2E-10 
J 5 251E-0J 2971 1 jboE+os ,5l«fc" 09 ,82bE-10 
It 316EaO1 3007 (4 207EtU2 ,69»£ 09 , 106E-09 
17 396E-01 500U 2 265E+02 .9l5€ 1)9 .13UE-09 
10 SOlE-Ol 3080 5 339E+02 .I20E 10 ,169E-09 
631E.01 5116 u 431E+02 .157E 10 ,213E-09 
to 794E.01 5152 2 544Et02 ,20«E 10 ,265E.09 
tl lOOE^OO 3166 t 6A3E+Q2 ,262E JO ,3?9E-09 
it 126E+00 5225 0 653E+02 ,337E 10 ,4o7E.o9 
13 158E+00 3262 8 IO0E+Q3 ,431E 10 ,u98E-0«? 
SOOEfOO 3503 7 130E+03 .5S1E 10 ,Ô07E.09 
?s asiEtoo 5348 b lfeCE+03 .70'E 1 0 ,7îiE-n9 
u 516E+00 5599 4 194E+03 .9inE 10 .879E.09 
r 39ÔE+00 3459 5 235E+03 .tl«E 11 ,104E-06 ta SOtE+OO 3532 1 282E+03 ,156E 11 ,123E-0û 
19 63lE»00 5620 8 335E+03 ,207E 11 ,i«2E.oe 
30 79aE+00 5728 5 395Et03 ,27bE It ,163E.06 
31 lOOE+01 385a 6 a6l£+03 .Î66f 11 , l8«E-08 
32 UOtfO) 3990 2 ,"74^ 11 ,20!IE-08 
35 t58E+01 4M8 7 ol9KtOJ , b et 11 ,229F-oe 
54 2ooe-  \  aii6 o nae + o i  ,75^t 11 .255F. .  ^ 
55 25lE,^ 4506 7 BîdEtOi .95IE 11 
36 3loE+oi 472U 0 982E+g3 .lilE 12 .319E.08 
57 396E+01 4969 9 11 JE ,?20E 12 .351E-06 
5B SOlEfOl 5255 8 J27E+0U ,«<J9Ê 12 .S'lE.ofl 
59 631E+01 5590 li  l37E+'>u . 1 n'JE 13  .i7br-ft0 
40 79yfc+0! 5953 1 luaE + n^» ,?u5E M .370E.08 
41 looE + na oJ69 6 1u8F+ftu ,58b£ 1 3 ,35bE.08 
,65tlt-uu 0 ,56Sfle-n3 
KAPPA HCKM) GRAO 6RRA0 GR FC 
678E-02 .140E*08 .237 ,058 ,00«2 n,ooO 
<4706-02 ,131E*06 .261 ,027 ,0028 0,000 
465E.02 .129E+08 .297 ,045 ,0036 0,000 
441E.02 .|27E*0B .258 ,050 ,0033 0,000 
W14E-02 .125E+08 ,261 ,050 0029 0,000 
390E.02 .1225*08 ,265 ,072 ,0026 0,000 
322E-02 .119E*oe ,288 ,J73 ,0021 O . O Q O  
i80E>02 .114E*n6 ,34U ,148 ,0013 f»,O0O 
138E-02 .106Etn8 .366 .075 .0010 0,000 
140E-02 .990E+07 ,360 ,029 .0009 0,000 
141E.02 ,928E+Q7 ,361 ,052 ,0009 0,000 
141E-02 .8725+07 .364 ,037 ".0008 0,000 
iaflE-02 .818E+07 .364 ,0«0 . 00u7 0,000 
I39E.02 .766E+07 .3S6 ,043 .0007 O.OQO 
139E-02 .715E+07 .351 ,04b ,00()b O.OOO 
139E-02 ,b65E+07 .350 ,048 ,0006 0,000 
139Ê-02 .61bE+07 ,354 ,0006 0,000 
140E-Û2 .567E+07 ,56U .0U8 .0005 O.OoO 
l«3E-02 .519E+07 .359 ,049 .0005 0,0o0 
M6E.02 ,47lE+07 ,354 ,049 ,0005 0,000 
150E-02 ,4255+07 .350 ,051 ,0005 0,000 
156E-02 .378E+07 ,349 ,053 ,0005 0,000 
lb2E.02 .333E+07 .355 ,057 ,0005 0,0o0 
I71E-02 .288E+n7 .364 ,063 ,0005 0,000 
181E.02 ,2a4E+ft7 ,362 ,071 ,0005 0,000 
194E.02 .201E+07 .361 ,084 ,000b 0,000 
210E-02 .159E*07 ,365 ,103 ,0006 0,0o0 
231E-02 ,lldE+n7 .384 ,128 ,0007 0,000 
257E-02 .777E+0b .589 .160 .0008 o.ooo 
289E.02 ,5fi4E*0b .391 ,195 ,0010 0,000 
328E.02 0 ,394 ,228 ,0011 0,000 
Î70t-i)? .jSliFiOt) .39t, .251 . 110 13 O.oo" 
400E.J2 -,7bbE+0b .397 ,26b .0013 0,000 
t a u K - o z  « .1175+07 .398 ,276 .001' \000 
W38E.02 . ,l62E+07 ,397 ,285 .nou /,OoO 
461E-U2 . .209E+07 ,395 .31b ' 0016 0,000 
bl9E.02 . ,254E+07 ,391 .409 ,0023 ,OoO 
973E-02 _ ,292E*n7 .378 ,b30 .0038 ,000 
1  7 9 E - 0 1  . .3185*17 .355 1 .054 0^75 ,OoO 
3U8E.U1 a .S3bE+07 ,321 I, 781 ,0 156 .OflO 
718E-01 -.Sa7E+07 .272 3,222 '.0 348 ,001 
TE F 5500. LOG G 0,000 WAVE 50Û|, A09 
H .10006+01 HE ,9550E.01 C .55546-05 
TAU T P XN6 RHO 
2596 4 .4376+00 1196+08 .2596-11 
1266.02 2615 0 ,8756+00 212E+08 .5146.11 
1586.02 2618 1 ,9866+00 2346+08 .9796.11 
200E»02 2621 9 ,112E+01 261E+08 .6586.11 
2516-02 2625 9 ,|29E+01 2936+08 .7556-11 
3166-02 2630 4 ,150E+01 3556+08 .8776.11 
398e.02 2635 4 .1766+0) 5816+08 .1026-10 
5016-02 2640 9 .2076+01 4395+08 .1206*10 
6316-02 2647 2 .2456+11 509E+08 .1426.10 
794E.02 2654 0 .292E+01 594E+08 ,169£-I0 
1006.01 2661 8 .349E+01 6966+08 .2026-10 
1266.01 2670 5 .420E+01 8226+08 .2426-10 
1566.01 2660 5 .5066+01 9756+08 .291E-10 2006.01 2691 8 ,6136+01 1166+09 .5S0E-10 
2516.01 2704 6 .7456+01 |4o6*o9 .4246-10 
3166.01 2719 2 ,9096+01 1696+09 .5156-10 
3986-01 2736 2 ,1116+02 2066*09 .6276-10 
501E-0] 2755 5 .1376+02 2546+09 .7686-10 
6316-01 2777 7 .1706+02 5166+09 .9436.10 
7946-01 2802 9 .2126+02 5976+09 .1176.09 
lOOE+00 28)1 6 ,2666+02 9056+09 .1456-09 
126E+00 2864 3 ,336E+02 6536+09 .1816-09 
1586+00 2900 4 .4276+02 0546+09 .2276-09 
2OOE+OO 2942 4 ,5476+02 1146+10 .2066-09 
251E+00 2987 5 ,7066+02 1546+10 .5646-09 3166+00 3036 1 .9146+02 2126+10 .4636.09 
3986+00 3093 9 ,1196+03 2966+10 .5926-09 
50 lE + 00 3155 2 .1556+03 4196+10 .7356.09 
6316+00 3223 1 .2016+03 6016+10 .9606-09 
79UE+00 3298 7 .2596+03 8716+10 .1216.08 
1006+01 3384 7 ,3316+03 1276+11 .1916-08 
1266+01 3485 7 ,417F+nî >886+11 .1846-08 
1586+01 3602 9 .5l7fc+0J 2766+11 .2216-08 
200E< \ 3745 5 .6506*03 4046+1 1 .2586-' 
25lE+vf Î906 0 .7566+03 5746+1 1 .2976-01»-
3166+01 4095 6 .898E+Q3 799E+11 .5576-08 
3986+01 4314 6 ,1066+04 1066+12 .5786-08 
5016+01 4569 6 .1266+04 1596+12 .4226-08 
6316+01 4860 0 .1486+04 212E+12 .4686.08 
7946+01 5|9o 7 .1696+04 44 56+J2 .5016-08 
1006+02 5570 9 .1646+04 1146+15 .5086.06 
,40<iae-0S 0 ,5e96E"03 
KAPPA H(KM) 
257E.02 .t2Oe«0B 
2886.02 .|10e«06 
294E.02 .lOëEfOB 
S0tE«02 ;i06E«06 
30BE-02 ,t0Se4A8 
316E-02 .lOlC+06 
525t»02 ,980E*07 
33«E»02 .952E+07 
34«E-02 ,923E*n7 
3542-02 .89JE+07 
3632.02 ,862E*07 
S72E.02 .SSOCfOT 
360E-02 ,797E+07 
388E.02 .764E+07 
394E-02 ,730E+n7 
398E.Q2 ,6956+07 
399E.02 .659C+07 
397E-02 .621E*n7 
393E.02 .5836*07 
386E.02 .5436+07 
376E-02 ,502E+07 
364E-02 .4586+07 
3S0E.02 ,413E+n7 
334E.02 ,366E+07 
319E.02 ,3l8E+07 
305E-02 .267E+07 
2936-02 .2I5E+07 
284E-02 Ll6lE+m7 
279E-02 ,1076+07 
281E-02 .5316+06 
2916.02 0. 
312E.02 -.5156+06 
5<|JE-02 -.1016 + 07 
385E.02 -.148E+07 
433E-02 -.1936+07 
4826-02 -.2386+07 
518E.02 -.2846+07 
5426-02 -.3326+07 
635E.02 ..3836+07 
9936-02 -.4266+07 
196E-01 -.4566+07 
6RRAD CR f C  
,006 .0003 0 .000 
.009 ,0004 0 .000 
.010 ,0004 0 .000 
.011 .0004 0 ,000 
.011 ,0004 0 .000 
.012 ,0004 0 .000 
.012 ,0004 0 .000 
.015 ,0004 0 .000 
.014 ,0004 0 .000 
.016 ,0009 0 .000 
.017 ,0005 0 .000 
.019 ,0009 0 .000 
.021 ,0005 0 .000 
.025 ,0009 0 .000 
.026 ,0009 0 .000 
.029 ,0009 0 .000 
.032 ,0009 0 .000 
.036 ,0009 0 .000 
.039 ,0009 0 .000 
.043 ,0009 0 .000 
.047 ,0005 0 ,000 
.051 ,0009 0 .000 
.095 ,0004 0 .000 
.059 ,0004 0 .000 
.062 ,0004 0 .000 
.067 ,0004 0 .000 
.072 ,0004 0 .000 
,078 ,0005 0 .000 
.086 ,0004 0 .000 
.098 ,0004 0 .000 
.116 .0004 0 .000 
.140 .0005 0 .000 
.175 ,0005 0 .000 
.213 ,000* 1.000 
,295 .0008 i f  .000 
,296 '.0009 0 .000 
.328 ,0011 0 ,000 
.391 ,0012 0 ,000 
.412 .0016 ,000 
.628 ,0027 ,000 
.147 .0058 ,000 
ORAD 
,371 
,354 
,350 
,346 
,343 
,340 
,337 
,332 
,327 
,324 
,322 
,317 
,312 
,303 
,295 
,287 
,282 
, 281  
,282 
,285 
,291 
,287 
,285 
,289 
,300 
,311 
,306 
,314 
,338 
,337 
,356 
,384 
,387 
,393 
,396 
,397 
,397 
,393 
,382 
.360 
222 
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.131E-01 « 259E+07 .346 680 ,0063 ,000 
.220E-01 e  281E*07 .341 1 046 ,0108 ,000 
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,143E+00 - 315E+07 .205 4 549 .0791 .018 
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YgKF 4000, too S ,7f0 WAVE 5001* BOl. 
jlOOOE*OI HE ,99S9E«0t C ,:S46E. 
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9|l«01 
OOlfOO 
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lOOK^OO 
#1E*00 
taifoo 
9eE*oo 
OllfOO 
llEtOO 
94E*00 
00E*0% 
I98|«0t 
100**01 
#i:*oi 
1*E*01 
9lEt0i 
OlBtOl 
S1E«01 
94i«0l 
00E*02 
I 
1 
p XN RHO 
107E 01 .11? *08 ;?i# «11 
21» 01 ,291 • 08 ^38 «10 
g47* 01 ,349 • 08 .199B«t0 
1971 01 .414 *0# ,189 •>10 
>*3E 01 ,939 *08 ,221 "10 
447B 01 ,970 • 08 ,272 •>10 
972B 01 ,919 • 08 ,139 «10 
7a4B 01 ,143 • 09 ,448 "10 
114E 02 ,247 t09 ,929 «10 
167B 02 .420 • 09 ;887 «10 
H9E 02 ,983 • 09 .124 «09 
im 01 ,107 • 10 ,199 «09 
4ftOE 03 ,194 • 10 2*27 a09 
«19E 02 ,234 • 10 298 «09 
eo9E 02 .319 • 10 ,189 «09 
lOlE 03 ,412 • 10 .487 -09 
ISOE OS ,939 • 10 .909 n09 
laiE 01 ,989 • 10 ;T90 «09 
aoiE 0) ,870 • 10 J9i9 «09 
g g E  0) ,109 • 11 ,110 i#08 |9#E OS ,117 • 11 |l32 • 08 
S9*E OS ,172 • 11 .199 «06 
4I4E 01 ,214 • 11 .184 #08 
90lE 01 ,299 • 11 ,2|4 -08 
990B 01 ,337 • 11 .248 • 08 
t88B 01 ,429 • 11 ,281 • 08 
799E 01 ,919 • 11 ^121 • 08 
9|lK 01 ,982 • 11 !l91 • 08 
109B 04 ,892 • 11 ^404 • 08 
isie 04 ,108 • 12 .448 •08 
H9B 04 ,133 • 12 .497 •08 
199B 04 ,192 • 12 ,992 • 08 
194E 04 ,200 • 12 ,919 •08 
ilSE 04 ,292 • 12 ,984 • 08 
I49E Ott ,384 • 12 ,799 • 08 
I79B 04 ,949 •12 ,809 • 08 
lOlE 04 ,123 • 13 *844 • 08 
llOE 04 .247 • 13 .891 •08 
IS9E 04 ,496 • 13 .849 • 08 
I46E 04 .119 • 14 .818 •08 
S98E 04 ,209E+i« ,79lE-08 
N ,fl9tlE>04 0 ,98ê8E>0} 
KAMA 
,S9IE«08 
,6«0E>0I 
.SIti.OI 
.4T5e«OI 
,44WO# 
,40M"0% 
,StBE»Ot 
.1X01-01 
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•!49|«0| 
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lAHmO: 
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19 E.O# 
,1111-01 
.ISOE-Ot 
.fSlE-OI 
,lTTg-0« 
,S07E-0t 
.S4SB-0I 
.194E-0I 
.4SfE.0i 
,49IB-0I 
,»9E-0I 
.ftlTE-Of 
,*T1E-0C 
,?llB-OI 
,7|4B-0I 
.•|7B-0t 
.lOlE-Ol 
,140E-01 
.ttOg-Oi 
.374B-01 
,*4S|-01 
,tl0B«00 
,2|4E*00 
H(KM) 
LaS9E*07 
;iHE*$7 
;iHE*07 
,930E*07 
,M4B*07 
,ai4E*07 
,ailE*07 
,aolE*07 
Il#9E*07 
;i?4E*0T 
,1ME*07 
,140B*0T 
,1:9E*07 
,1I9B*07 
,110E*07 
,101Et07 
,9:|B*09 
I$40E*0& 
,7&OE*06 
U8SE*0« 
,&0*E*0& 
,9:7E*0» 
,4WE*0» 
,;9tE*0* 
,;:9B*o9 
,%t:E 06 
,l9iE*0* 
,13)E*09 j07|f*0S 
-Î719E*09 
-,14«E«04 
. M#E*09 
•,}07E«0* 
-I:77E*04 
.,4%9E*04 
-,477E*06 
..SOOEtOt 
>,929B406 
•.344E«0« 
ORAO ORRAD . 0" FC 
Il80 ,090 Loloo 0 000 
,199 ,129 ,0077 0 000 
,214 ,100 ,0069 0 000 
,328 ,099 ,0090 0 000 
,229 ,093 ,0094 0 000 
,229 ,080 ,0048 0 000 
,294 ,110 ,0038 0 000 
,297 ,106 ,0027 0 000 
;3i3 ,092 ,0019 0 000 
,340 ,079 ,0014 0 000 
,339 ,074 iiOOll 0 000 
,347 ,071 ,0010 0 090 
,197 ,068 ,0009 0 000 
J593 ,096 ,0009 0 000 
,348 ,049 ,0008 0 000 
,392 ,049 ,000* 0 000 
1199 ,091 ,0009 0 000 
^191 ,099 ,0009 0 000 
:i98 ,098 ,0010 0 000 
,191 ,091 ,0010 0 000 
,399 .097 ,0011 0 000 
,397 ,074 ,0012 0 000 
,184 ,089 ,0013 0 000 
',184 ,099 ,0019 0 000 
,384 ,119 ,0017 0 000 
ll89 ,139 ,0019 0 000 
,392 ,199 ,0022 0 000 
,192 ,192 ,0029 0 000 
,194 ,214 .0028 0 000 
,396 ,229 .0030 0 000 
,396 ,239 ,0031 0 000 
,397 ,244 .0032 0 000 
,397 299 ,0014 0 000 
,399 ,280 ,0018 0 000 
,394 ,333 .0047 0 000 
,386 ,490 ,0067 000 
1374 ,993 ,0109 000 
,364 .982 ,0192 000 
,334 1,919 ,0391 001 
,286 2.982 ,0709 098 
l249 2,400 .1070 197 
N) 
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TEFF 4000. LOG G ,750 WAVE 5001 , B02 
h  .10001+01 HE ,95S0E«01 C ,35485.03 
TAU T P XNE RHO 
1 0 2t'5.0 789E 00 ,772Efo7 ,563Eii| 1 
2 126E 02 2344,5 158E 01 ,197E*08 .104Eolo 
3 19B€ 02 2396,6 184E 01 ,248E*o8 .119E«10 
200E 02 2U15,5 220E 01 ,298E+o8 .laoEoio 
S 251E 02 2447,1 269E 01 ,S74C+o8 ,i7oe»to 
* 3I6E 02 2503,8 539E 01 ,502E*o8 .209E»10 
7 39SC 02 2564,8 454E 01 ,711E*o8 .273E-10 
e SOIE 02 2641,3 640E 01 ,109E*o9 ,373E-10 
9 63ie 02 2729,4 94iE 01 ,l78£+o9 ,551E-10 
io 794E 02 2818,7 140E 02 ,302E*09 .764E.I0 
u iOOC 01 2902,0 206E 02 ,904E+o9 ,109E.09 
*2 124E 01 2971,5 295E 02 .798E+09 .153E.09 
13 ISSE 01 3032,9 412E 02 .120E*10 ,209E.09 
11 200E 01 3088,6 559E 02 .|73E*10 ,278E.09 
15 251E 01 3139,7 745E 02 ,244E+iO .365E.09 
Ib S16E 01 3189,3 968E 02 .334E+10 .467E-09 
17 398E 01 5211.« 124E 03 ,452E*10 .99oe«09 |« soie 01 3284,3 157E 03 ,599E*10 ,734E«09 
}9 63ie 01 3352,7 |96E 03 ,783e+10 .903E«09 
794b  01 3378,1 241E 03 ,10)E+ll .U0E"O8 
II lOOE 00 3423,5 295E 03 ,I28E + H .132E.08 
126E 00 3470,5 354E 03 ,162E*ll ,157E.08 
23 l5ëE 00 3519,7 42SE 03 ,204E*il .18SE.08 
200E 00 3575,7 902E 03 ,2S7E*ll ,2I6K.08 
25 251E 00 363»,8 S g E  03 ,32«E+il ,250E.08 
26 316E 00 3707,5 69lE 03 ,408E+il ,287E.oe 
17 J9SE 00 1788,8 804E 03 ,518E*11 .326E-08 
$a 501E 00 3883,5 928E 03 ,656E+l1 ,3676.08 
19 631E 00 3991,1 107E 04 ,830E*il .41IE.08 
794E 00 4109,1 122E 04 ,I04E*12 .456E.08 
lOOE 01 4237,9 140E 04 ,I29E+12 .506:.08 
32 126E 01 4379,6 160E 04 ,158E*12 ,561E-06 
33 158E 01 4535,7 184E 04 .194E*12 .624E.08 
34 200E 01 1719,0 213E 04 .247E*12 ,692E.oe 
35 2S1E 01 4922,2 24SE 04 ,149£m2 '.766E<*06 
36 316E 01 5152,7 277E 04 ,S73Em2 .826E.08 
17 398E 01 5413,6 30SE 04 ,I076*J5 ,866:.08 
sa 501E 01 5711,6 326E 04 ,220E*i3 ,878E.08 
39 631E 01 6025,0 343E 04 .447E*l3 .674E.08 
40 794E 01 6443,0 394E 04 .105E*14 .844E.08 
«l lOOE 02 6774,5 360E 04 ,191Em« ,8I6E.08 
.ëSIlE.OO 0 .S88eE«03 
KAPPA H(KM) BRAO GRRAO Gh FC 
I32E.0I ,260E*07 ,105 ,100 ,0142 0 .000 
899E.02 [245E+07 ,163 ,257 ,0099 .000 
690E.02 .241E+07 ,193 ,095 ,0083 0 ,000 
66SE«02 .236E*07 ,198 ,060 .0076 0 ,000 
588E.02 .231E+07 ,209 ,089 ,0066 0 .000 
448E.02 .224E+07 ,232 ,089 .0052 0 ,000 
351E.02 .215E+07 ,246 ,084 ,0039 0 ,000 
271E.02 -205E+07 ,276 ,085 ,0029 0 .000 
216E.02 .193E+07 ,296 ,082 ,0021 0 .000 
I84E.02 .180E+07 ,3)3 .078 ,0016 0 .000 
165E.02 ,167E*07 ,331 ,071 ,0012 0 ,000 
I56E.02 :i84E*07 ,326 ,064 ,0010 0 ,000 
154E.0I ,143E+Q7 ,336 ,060 ,0009 0 .000 
154E.02 .132E+Q7 ,348 ,058 ,0009 0 .000 
157E-02 ,121E*07 ,341 ,059 .0008 0 .000 
16«E»02 .111E*07 ,336 ,060 .0008 0 .000 
169^.02 ,102Ef07 ,341 ,062 ,0008 0 ,000 
179E.02 ,931E*06 #350 ,063 ,0008 0 ,000 
192E*02 ;845E*06 ,356 ,064 ,0009 0 ,000 
20TE»02 ,763E*06 ,350 ,066 ,0009 0 ,000 
225E.0B .684E*06 ,350 ,070 ,0010 0 .000 
147E.02 ,608E+06 ,358 ,076 .00)0 0 .000 
272E.02 ,535E+06 #372 ,086 .0012 0 .000 
302E.02 ,462E+06 ,384 ,098 .0013 0 .000 
S38E.02 ,394E*06 ,383 .113 ,0015 0 .000 
379E.02 ,326Ef06 ,383 ,134 ,0017 0 ,000 
429E.02 ,260E+06 ,390 ,158 ,0019 0 ,000 
466E.02 ,l95E+m6 ,391 ,184 .0022 0 ,000 
550E.02 ,|30E*06 ,392 ,206 .0025 0 .000 
619E.02 .661E+05 '395 ,223 .0027 0 ,000 
677E.02 o! ,396 .237 .0030 0 .000 
726E.02 ..693E*05 ,397 .246 ,0031 0 .000 
768E.02 .,1425+06 ,397 .262 .0033 0 .000 
824E.02 •,222E*06 ,396 ,281 ,0036 0 .000 
968E.02 .,30|E+06 ,394 ,327 ,0044 0 .000 
130E.0I ..374E+06 ,387 ,428 ,0061 .000 
202E.0I .,435E4n6 .379 ,637 ,0097 .000 
346E.01 .,48OE+06 ,366 ,948 ,0174 .000 
605E.01 .,512E+06 ,337 1,555 ,0320 .001 
122E+00 .,534E*06 ,292 2,500 ,0649 .051 
206E*00 .,549E*m6 .257 2,431 .1011 .186 
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FF 4000. COG G I ,Son WAVE 5001, C02 
.10006*01 he ,95506.01 C ,55«eE-
TAU T P XNE RHO 
2262 0 ,4J7E+01 ,368E 08 .292E.J0 
126E.02 2143 tt ,833E+01 ,9416 00 .533E-10 
158E.02 2479 8 ,955E+01 .tl3E 09 ,600E«t0 
200E-02 2510 5 ,113E+02 ,13«E 09 .701E-10 
251E.02 2544 0 .137E+02 ,t72E 09 .838E-I0 
316E.02 2593 9 ,17QEt02 ,2256 09 .102E-09 
3986.02 2653 0 ,22lE+02 ,308E 09 ,129E-09 
SOIE.02 2725 <i ,303E+02 .453E 09 ,172E.09 
631E.02 2810 4 ,436E+02 ,712E 09 .2396.09 
794E.02 289* 0 .639E+02 ,I16E 10 .340E.09 
lOOE'Ol 2981 1 ,926E+02 ,1856 10 ,479E»09 
II6E.01 3051 0 ,13lEt03 .284E 10 ,660E.09 
158E.01 3108 I ,l79Et03 ,411E 10 ,8866.09 
200E-01 3159 6 ,237E+03 ,5725 10 ,116E.06 
251E.01 3202 6 .308Et03 ,7676 1 0 ,1486=08 
3I6E.01 324a 0 ,3906*03 ,1006 11 ,l85E-08 
398E.0I 3284 7 ,487E+03 , IJOE 11 ,229E.08 
501E.01 3324 6 .598E+03 ,165E 11 ,277E.06 
63ie.0l 3364 5 .727E»03 ,208E 11 ,3S3Em06 
79UE.01 3404 6 ,673E+03 ,259E 11 ,395E.08 
lOOEtOO 3446 1 ,104E*04 .322E 11 .466E>0e 
126E*00 3490 2 ,l23E+04 ,3996 11 ,543E-oe 
158:400 3537 3 ,144Et04 ,4956 11 ,6296.08 
200E*00 359; 7 ,)68E+04 ,»(=E 11 ,7206-08 
25lt+00 3650 5 .195E+04 ,773E It .822E-08 
316^+00 3716 8 ,224E+04 ."726 11 ,9266-08 
398(400 3797 4 ,256E+04 .1236 12 .1046*07 
501E*00 3887 9 ,29IE+04 ,1566 l2 .115E#07 
631E+00 3990 2 ,330E+04 .I'SE 12 .1276.07 
79t|E + 00 4106 9 .372E*04 ,2516 12 ,1396.07 
)00E*01 4241 3 ,4l9E+04 ,3176 12 .152E.07 
126E+01 4391 9 .471E+04 .397E 12 ,1656-07 
158E+01 4552 1 .S32E*04 ,4906 12 ,1806-07 
200E+01 4736 5 ,602E*04 .6086 12 .1956-07 
251E+01 4936 2 ,686E+04 ,7946 12 ,2146-07 
3I6E*01 5158 a  ,7?4Et04 ,H6E )3 ,230E.07 
398E+01 5420 6 ,859E+04 ,20tE 13 ,243E.07 
SOlEtOl 5699 4 ,924E+04 ,3776 13 ,2496.07 
«SlEfOl 6044 3 ,9806*04 ,8066 13 .249E.07 
79(lE*01 6393 0 .lOlEfOS ,1646 14 .243E-07 
lOOE+02 66Bo 0 .1046*05 .2816 14 .240E-07 
,S51tE»04 0 .«SASE-OS 
KAPPA H{KH) eRAD 6RRA0 GR FC 
,134E-01 .433E+06 ;094 ,099 ,0156 ,000 
,9576-02 ,404E*06 ,137 ,142 ,0109 ,000 
,837E-02 ,3986*06 ,146 ,096 .0098 0,000 
,7566-02 ,3906+06 ,145 ,076 ,0088 0,000 
,676E«02 .3816*06 ,156 ,084 ,0077 0,000 
.553E-02 .3696*06 ,179 ,087 ,0064 0,000 
,44lE-02 .3556*06 .196 ,085 ,0050 0,000 
.346E.02 .3376*06 ,212 ,084 .0038 0,000 
.276E.02 .316E+06 .241 .082 ,0028 0,000 
.235E.02 ,2946*06 ,258 ,078 ,0021 0,000 
,2156-02 .2716*06 ,270 ,071 ,0017 0,000 
,2096-02 ,2496*06 ,286 ,06) .0014 0.000 
.213E.02 ,2296*06 ,286 ,059 ,0013 0,000 
,2226.02 ,210E*06 ,282 ,055 .0015 0.000 
.236E.02 .1936*06 ,284 ,053 ,0013 0,000 
.253E-02 .1776*06 ,290 ,055 .0013 0,000 
.274E.02 .1626*06 ,295 ,058 ,0014 0,000 
,299E.02 ,1486*06 
.1346*06 
,296 ,060 ,0014 0,000 
,3286.02 ,293 ,063 ,0015 0,000 
,362E-02 ,1216*06 ,296 .067 ,0016 0.000 
,408Et>02 ,1096*06 ,308 ,073 ,0018 0.000 
,448E-02 .9656*05 ,326 ,080 ,0020 0.000 
,5036-02 ,8506*05 ,350 ,092 .0022 0.000 
,5682-02 ,7346*05 ,355 ,105 ,0025 0.000 
,6466-02 ,6256*05 ,351 ,122 ,0028 0,000 
,7386-02 ,5176*05 ,357 ,144 .0032 0,000 
,B48E-02 ,4126*05 ,377 ,169 ,0057 0.000 
,974E-02 ,3086*05 ,376 ,196 ,0043 0,000 
,1126-01 .2066*05 ,381 ,224 .0050 0,000 
,1286-01 ,1046*05 .389 ,255 .0 057 0.000 
.1456-01 0, ;390 ,284 ,0065 0,000 
.1606-01 -.1076*05 ,395 ,296 ,0072 0,000 
,1746-01 -.2186*05 ,395 ,309 ,0079 0,000 
,1866-01 -.3436+05 .396 ,316 ,0085 0,000 
,2066-01 -.4716*05 ,395 ,336 ,0095 0,000 
,2556-01 -,600E*05 ,392 ,408 ,0119 ,000 
,3696-01 -.7146*05 ,386 ,555 ,0175 .000 
,5876-0) -,8046*05 ,378 ,824 ,0286 ,000 
,1066*00 -,8716*05 ,357 1,315 ,0517 .015 
.1866*00 -.9186*05 ,328 1,655 ,0848 .130 
,2906*00 -.9536*05 .307 1,598 ,1 167 ,270 
TCRR aooo, too 6 t.soo have sooi. cos 
H .lOOOE+OI ME ,9550£-01 C ,J5«6E.03 
TAU T P XNE RHO 
o; 2574 0 .969E+01 ,1J6E*09 L582E.10 
f \ 2 H  02 2694 I .194E*02 ,2776*09 ,11311-09 
;i5« 02 2671 6 .220E+02 ,3186*09 .127IE.09 
IZOOE 02 2701 6 ,2S6E+02 .379E*O9 .IU7E.09 
JSSIE 02 27:2 9 ,J03E»02 ,4616*0» ,|72E.09 
Î3!6E 02 2766 0 .368Ef02 .5716*09 .206E.09 
,398E 02 2&O8 7 ,454E*02 .7336*09 .2502-09 
'SOIE 02 2899 1 ,S73E*02 .9766*09 '3106-09 
'b3ie 02 2912 3 ,TS7E+02 . (33E* 0 ,3916-09 
02 2972 2 ,958E*02 ,186E+ 0 '497E.09 
,iooe 01 3032 6 ,125E+03 .263E* 0 ,63BE-09 
,1:6: 01 3006 6 , i6ie*o3 0 .815;.09 
; I««E 01 3192 8 .2I0E*03 ,491E* 0 , Î05E«08 
.2006 Oi 3175 4 .267E»03 .6478* 0 .130E-08 
'M SI im « ;5ÎLI:8} 'Ml 0 1 
IJM 01 3281 4 ,5IOE*0) .133E* 1 ,2406-08 
,50JE 01 3JIS 6 ,6l9EtOj .165E* 1 ,2886-08 
;63LE 01 3350 5 ,747E*03 .2046* 1 L3U4E.08 
'7946 01 3385 8 .8926*03 ,2516* 1 ,4066-08 
.LOOE 00 3422 6 ,106E*04 ,3086* 1 14776-08 
'.iJbE 00 3461 6 .12SE*04 ,3786* 1 ,557E-06 
'USE 00 ISO) 6 .147E*04 ,4646* 1 ,645E-O6 
,2ooe 00 355» 4 .171E*04 ,57<IE* I  ,7aoE-o8 
JASIE 00 3605 3 .J98E+04 .7126* 1 ,8466-08 
'316E 00 3667 a ,228E+04 .8906* 1 .9576-08 
,3986 00 3739 4 ,26LET04 .1136* 2 .1086-07 
'501E 00 1823 7 .297E+04 .1436* i  ,1206-07 
,43LE 00 3921 9 .337E*04 .1836+ 2 .1326-07 
,79«E 00 4034 8 ,380E*04 ,2346* .1456-07 
,100: 01 4165 3 .42GE+04 ,299C* 2 .1586-07 
,1£6E 01 4312 6 ,480ET04 ,578E* 2 . I71E-07 
,l«8E 01 4472 1 ,54OET04 .47IE* 2 ",1856-07 
,300E 01 4657 2 ,609E*Q4 .3856* 2 '2016-07 
,291E 01 4859 7 ,690E+04 ,745E* 2 .218E-07 
.SUE 01 509t 2 .7826*04 .1066* 3 .236E-07 
,398E J 5)66 9 ,87)6*04 ,1826* 3 ,2496. ,5OIE 5647 0 ,9456*04 ,3428* 3 ,A57E-W, 
,63LE 01 5990 7 .1006*05 ,7106* 3 ,2576-07 
,794E 01 6348 9 .  J04E*05 .1936* 6  .252E-07 
.LOOE 02 6640 8 .1076*05 ,2666* U  .2476-07 
.eSHE.OW 0 .SBSeE>OS 
KAPPA H(KM) ORAO ORRAO GR PC 
4756-02 1966+06 ,201 ,036 10045 0.000 
4)16-02 3606*06 ,206 ,051 ,0014 0,000 
39)6-02 3536*06 ,206 ,067 ,0043 0,000 
3626-02 3456*06 .209 ,071 ,0038 0.000 
3346-02 3366*06 ,216 ,067 ,00)4 0,000 
31)6-02 3296 06 ,224 .069 ,0030 0.000 
2836-02 3136*06 ,237 .075 ,0027 0.000 
257E-02 2996*06 ,249 .074 ,0023 0.000 
2376-02 2846+06 ,153 .075 ,0021 0.000 
2226-02 2686*06 ,263 .076 ,0018 0,000 
213C-02 25)6*06 ,279 ,071 ,0017 0,0o0 
2l3e-0| 2346+06 ,287 ,063 ,0016 0,000 
2l9e-0« 2186*06 ,282 ,058 ,0015 O.OoO 
229E-02 2026+06 ,28) ,053 .0015 O.OoO 
243E"02 )876*06 ,284 ,050 .0015 0.000 
260E.02 172E*06 .288 .051 .0015 O.OoO 
2806.02 1891*06 )290 ,053 ,0015 O.OoO 
3046-02 1456*06 ,?'5 .055 ,0016 O.OOO 
3326-02 1326+06 ,287 .057 ,0016 0.000 
3646-02 1206*06 ,288 ,061 ,0017 O.OOO 
401E.02 1076+06 295 ,066 .0019 O.OOO 
445E-02 9556*05 ',309 .0 72 '0020 O.OoO 
496E-02 8026*05 .328 .083 ,0022 0,000 
5566-02 7266*05 ,352 .095 ,0024 o.ooo 
6296-02 6186*05 ,347 ,110 ,0027 O.OoO 
7)66-02 5106*05 .347 .132 .0030 0.000 
8216-02 4056*05 .359 ,197 10035 0,000 
9466.02 3036*05 i374 ,187 ,0040 0 , 0 0 0  
1096-01 20)6+05 ,374 ,219 ,0047 O.OoO 
1266-01 1016*05 ,384 ,253 ,0054 0,000 
1446-01 0 ,388 .286 ,0062 0.000 
Î62E-0I 1036+05 ,392 .306 ,0070 O.OoO 
177E.01 # 209E+05 ,394 ,326 ,0077 0,000 
1906-01 « 327E*05 ,396 ,335 ,0084 0,000 
205E-0J • 451E+05 .396 ,351 ,0092 o.oflo 
2446-01 m 5806*05 ,393 ,418 ,0112 ,000 
3476-01 O 6986+05 ,390 .550 , 0 l 6 r  >000 
547E-01 • 792E+Q5 ,379 ,794 ,026i ^ 0 0 0  
979E-01 # 8626*05 ,359 1,275 ,0477 ,0)4 
176E*00 9106+05 ,332 1,660 ,0800 ,133 
2766*00 9066*05 .313 1.992 .1127 ,256 
TEPP «000, LOG 0 1,800 WAVE 5001, Cll 
w '.lOOOEiOl ME ,9S50E.01 C ,SS(ieE.OS N ,MllE.OO 0 .988Sr«0S 
TAU T ? XN RMQ KAPPA H(KM) ORAO 6KRAD PC 
0, 2317 7 .136E 02 ,162 04 ,8411 19 .7646^02 ,3876*06 ,118 ,241 ,0123 ,000 
\ooo 
0 ,000 
Il%» 2748 9 ,2721 02 .432 04 ,1326 ,293602 ,3636*06 f2Ti4 ,189 ,0089 
,158 "Vg 2 8 9  4 .314E 02 .561 04 ,1726 .236602 ,3996*06 f2»8 .142 ,0078 
.200 • 02 2914 2 .3B4E 02 ,814 04 ,2036 04 ,l4ie-08 ,3456*06 ,297 ,170 ,0070 0,000 
Izsi • 02 3011 8 .480E 02 ,126 10 ,2456 04 .1676-02 ,3326*06 Î3fO ,139 ,0061 0,000 
,316 • 02 3101 7 ,607E 02 .141 10 ,3016 04 .l57e»02 ,3176*06 .346 ,111 ,0052 0,000 
,348 • 02 3 75 4 •I!l= 02 ,275 10 ,5736 04 .156E"02 ,3016*06 ,393 1087 ,0046 0,000 
,50» • 02 3231 8 .974E 02 .376 10 ,«638 04 ,1616"02 ,2866*06 !3#7 ,067 ,0042 0,000 
,631 •02 3274 8 .1221 03 .489 10 ,5726 09 .168E^02 .2706*06 ,395 ,054 ,0040 0,000 
,790 •02 3310 2 .1511 03 .620 10 .7026 04 ,74;.02 ,2556*06 'S62 ,049 ,0040 0,000 
,100 •01 3342 7 .ia*E 03 .773 10 ,»54E 04 ,141E«02 ,2416*06 398 ,048 ,0040 0,000 
•01 3IT8 * ,227: 03 ,997 to 08 .204E*02 ,2176*06 ;o#4 >0041 0,000 
,158 •01 3407 0 ,2741 03 .118 11 ,1240 08 .220B*02 ,2146*06 ,349 ,094 ,0042 0,000 
,200 •01 3442 9 ,3291 03 .149 11 ,1476 08 .234E02 ,2006*06 f351 ,058 ,0042 0,000 
,251 • 01 3479 9 .3446 03 .178 11 ,17411 08 .261E^02 ,1866*06 ,3S8 ,063 ,0044 0,000 
,316 • 01 3519 9 .467E 03 .214 11 .2041! 08 .286E02 ,1756*06 ,370 ,069 ,0045 0,000 
,398 • 01 3162 9 .553E 03 .268 11 ,234(t 08 .315E02 ,1636*06 '382 ,075 ,0046 0,000 
,501 • 01 3607 7 .*49e 03 .328 11 ,2768 08 ,344g-02 ,1916*06 ,301 .082 ,0047 0,000 
,631 • 01 3695 8 .758E 03 ,401 11 ,3191! 08 .388602 ,1346*06 ,328 ,088 ,0049 0,000 
,790 • 01 3706 4 .8821 03 .488 11 ,3666 08 .432602 ,1276*06 ,374 ,049 ,0090 0,000 
,100 + 00 3760 9 .lose 04 ,944 11 .4186 08 .4836 02 .1166*06 ,3*4 ,102 ,0092 0,000 
,126 • 00 3818 2 .II8E 04 ,721 11 ,4796 08 .5406^02 ,1046*06 ,388 ,104 ,0094 0.000 
,158 + 00 3878 6 .1)6! 04 ,872 11 ,9576 08 .605E«02 ,4326*05 ,388 ,114 ,0096 0.000 
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,631 *00 43*9 4 .300E 04 ,268 12 ,1066 07 ,tl9E-01 ,2496*09 ,396 ,181 ,0069 0,000 
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z x o  * 1005 3AVm OOS'l 3 301 *0001/ diSi 
«000, log g 1,500 wave 5001, C31 
h .loooe+01 he ,95506.01 c ,3S4eE»03 
tau t p %NE rho 
2660 8 ,246E+02 341e 09 .143e.u. 
126E.02 3035 « ,4925+02 136e 10 ,2«9E»09 
1586-02 3087 6 ,557e+02 i73e 10 .277e.09 
200E.02 3141 2 ,644E+02 222E 10 ,3t5E«09 
2S1E-02 3187 5 ,749e+02 279g 10 ,361e»09 
316c-02 3230 6 ,879e*02 j49e 10 .416e-09 
s'»et«02 3269 6 ,104e+03 «3je 10 ,489e»09 
501C*02 3306 4 ,125e+03 534E 10 ,57«e"09 
6sie-02 3342 7 . ,147e+03 657e to ,675e-09 
79UE.02 3379 2 ,175e+03 807e 10 ,795e-09 
100e*01 3417 8 ,208e*03 995e 10 ,93«e"09 
126e"01 34s8 4 ,247e+03 122e It .11ûe-08 
1s8e.01 3500 5 ,2<»2£ + 05 150e 11 ,128e"08 
200e"0| 3546 4 ,344e+03 185e 11 ,149e-08 
251e.01 3592 7 ,405e*03 227e 11 ,173e.06 
3i6e.01 364 1 4 ,474e+03 277e 11 ,200e.08 
s'sg.oi 3692 0 ,554e+03 3)8; 11 ,231e"08 
50lE>01 3744 0 ,644c+05 410e tl ,264e*0e 
6jie«01 3798 2 ,7«7e*03 «96e m ,302e«08 
tpile.Ol 3854 0 ,862e*03 597e 11 .3««E.oe 
lOOE+00 39:2 6 ,994e+03 7|8e 11 .390e.08 
126E+00 5973 8 ,n4E + 0« 860e 11 .««2e.08 
158e+00 4037 0 .131e+04 103e 12 .«99E.08 
200E+00 4106 0 ,1S0E*0« 123e 12 ,561e,08 
2S1E+00 4176 6 ,|72e+04 146E 12 .633e.06 
3i6e+0q 4252 0 .l96e+0« 173e 12 ,7|QE#o8 
398e+00 4338 2 .22SE+04 206e 12 .797E.08 
SOlE+OO 4428 6 ,257et04 245e 12 .b93e.08 
631e+00 «527 8 ,296e+04 292e 12 ,iooe.07 
79«e*00 4636 7 .339E+0« 349e 12 .112e.07 
looe+01 «756 6 .3'»lE + 04 426e 12 .126e.07 
i26e+0i 4891 3 ,449e+04 538E 12 . 141e-07 
158e+01 5042 s .513e+04 721e 12 ,156e«07 
200e+01 5218 0 .s77e*04 i05e 1 i .i70e.07 
25le*0l 5«14 9 .640e+04 i66e 13 .181e-07 
316e+01 5038 0 ,693e+04 28(e 13 ,189e.07 
398e+ni 5883 9 ,740e+04 «96e 13 .193e.07 
501e+01 6165 9 ,776e+0« 914e 13 .193e-07 
631e+01 6S1U 4 ,b04e+0« tase 1 « .189e-07 
794e+01 6810 7 ,824e+04 sue 1" ,186e«0 7 
inoe+02 7056 7 ,602e*0« «75e 1 « .185e-07 
,851 IE#OU 0 .5B88ir*03 
kappa h(km) GRÏD CRRAD GP 
•) 
«39E.02 .365E+06 f 192 ,381 ,0146 ,000 
I62E.02 ,339E+06 ,3?B ,150 ,01 2 0,000 
1S6E-02 .332E+06 
,323E*06 
.348 .131 ,0103 0,000 
153E.02 ,348 ,110 ,0095 0,000 
154E-02 ,313E*06 .396 ,090 ,0088 0.000 
156E-02 ,302E+06 ,077 ,0082 0,000 
161E-02 '290E+06 ,318 ,068 ,0079 0,000 
168E.02 ,279E*06 ,367 .064 ,0076 0,000 
177E-02 .267E«06 ,364 ,062 ,0075 0,000 
187E-02 .2f«B+06 ,363 .064 ,0074 0,000 
199E«02 .242E*06 , 361 ,067 ,0074 0,000 
214E*02 ,230E+Q6 ,16' ,070 ,0073 0,000 
232E 02 .2l8E+06 ,372 .075 ,0073 0.000 
253E 02 ,205E+06 ,387 .079 ,0072 0,000 
277E-02 ,193P»06 ,386 .083 ,0071 0,000 
305E.02 ,lBiE*«6 ,3m6 .087 ,0071 0,000 
337E-02 ,169E+06 ,186 ,091 ,0070 0,000 
373E-02 ,158E+06 ,387 ,095 ,0070 0,000 
414E*02 ,|46e*06 ,391 ,099 ,0070 0,000 
460E.02 ,l3«E+06 ,392 ,104 ,0069 0,000 
512E.02 .:23Et06 ,391 ,109 ,0069 0,000 
570E.02 • lllB + 06 ,392 ,113 ,0069 0,000 
63SE-02 ,999E+05 ,393 ,120 ,0069 0,000 
702E.02 ,880E*0S ,394 .125 ,0069 0,000 
777E.02 .76SE+05 ,394 .130 ,0070 0,000 
855E-02 ,6«6E+05 ,395 ,1«1 ,0070 0,000 
937E.02 ,525E*n5 
•,«OOE*05 
,396 ,151 .0071 0,000 
102E.01 ,396 .157 ,0072 0,000 
lllE-Ol ,27lE»05 ,396 ,166 ,0074 0,000 
120E-01 ,lSeE*05 ,397 .176 ,0077 0,000 
131E-01 0, ,396 ,191 ,0081 0,000 
147e-0) ..I«1E*05 ,395 ,21« ,0089 0,000 
174e-01 •,276E*05 
•,a08E*05 
,394 .255 ,0103 0,000 
22IE.0i ,389 ,318 ,0130 0,000 
505E-01 -.S20E+05 ,3Ç5 .421 .0179 ,000 
«51E-0I ..6I5E+05 '.376 ,575 ;0264 ,000 
696E-01 -',69IE»05 ,362 ,811 ,0409 .000 
11 JE»00 -,752E*05 ,352 1,243 ,0667 ,003 
197E+00 -,797E*05 ,3l« 1.751 ,1116 .060 
310E+00 ",852E+n5 ,2a1 1,804 ,1492 .220 
U47E+00 •,861E+05 .2S7 1.637 .1812 .331 
Hff «000. LOG 6 1.500 WAVE 5001, C32 
h ,1000E + 01 HE ,95505.01 C ,35(186.0) 
TAU T P XNE RHO 
oL 2971 9 .263E+02 .7356 09 .1366 09 
,126E 02 3090 2 ,927E+02 .167E 10 .262E 09 
Î158E 02 3118 9 ,9946+02 ,197E 10 ,293E 09 
,200E 02 3158 0 .682E+02 .2426 10 .S32E 09 
,251E 02 3186 5 ,7876+02 .288E 10 .ÎOOE 09 
,3I6E 02 3209 6 ,918E+02 .S40E 10 ,4406 09 
:3«E 02 3235 6 ,107E*03 .406E 10 .SHE 09 
Î5011 C2 326W 3 ,l27Et03 ,490E 10 .598E 09 
,63lE 02 329a 2 ,l90E+03 .594E 10 ,7016 09 
;79«E 02 SS2a 9 .178E+03 .72OE 10 .8256 09 
.tOOE ot 3355 2 ,2l2E+0) ,8726 10 ,9692 09 
Î126E 01 3387 1 .2511*03 .106E 11 ,1146 08 
'iME 01 3421 5 .297E+03 .129E 11 .1S4E 08 
CaooE 01 3459 9 .3516*03 ,157E 11 ,156E 08 
'iSlE 01 5<l90 1 ,4t4E+0S .1926 11 .182E 08 
'316E 01 3541 3 .486E*03 ,235E 11 .2I1E 08 
t)»8E 01 3585 8 .569E+03 ,287E U .244E 08 
,501E 01 3632 3 .663E+03 ,34@E 11 .281E 08 
;631E 01 3680 8 .770E+03 ,423E 11 .322E 08 
,794E 01 3731 1 .89iE*03 ,512E 11 .367E 08 
llOOE 00 3783 8 .103E+04 .6|9E 11 ,418E OS 
,126E 00 3838 9 .118E+04 .7496 11 .474E 08 
!I58E 00 3895 6 ,1366+04 .8946 11 .S56E 08 
,200E 00 3957 9 .155E+04 .1076 12 .60SE 06 
'25lE 00 4021 9 ,l78E+04 .1286 12 ,6796 08 
,3161 00 409| 3 ,203E+04 .1536 12 .761E 08 
;308E 00 4166 4 .231E+0U .184E 12 .852E 08 
;50lE 00 4248 2 .263E+04 .2l9E 12 .9516 08 
.631E 00 4138 7 .lOOE+04 .26ÎE 12 .106E 07 
,79ae 00 4438 6 .3426+04 .314E 12 .Ii«E 07 
'lOOE 0Î 4552 3 .3906+04 .3766 12 . 132E 07 
f )26E 01 4680 8 ,4476+04 ."556 12 .1476 07 
,l«6E 01 4824 g ,513E+04 .5646 12 .1636 07 
,200E 01 U990 1 .586E+Q4 .7476 12 ,180E 07 
,25lE 01 Sl60 a .6646+04 .1086 13 .1976 07 
,3t6E oi 5394 S .7376+04 .ITUC 13 .210E 07 
;3*»E "S 9630 2 .801E+04 ,300E 13 .218E ' \ 
,501E J 5897 1 .853E+04 .'5tE 13 .222E , V 
,631E 01 6227 0 .894E+04 .lllE 14 .220E 07 
,79ae 01 6571 9 .922E+04 .2186 14 ,2I5E 07 
.lOOE OB 6@42 6 ,944E*04 .3546 14 .2126 07 
,851IE.QU 0 
KAPPA 
,l52e,02 
,|51E.0@ 
.151E.02 
.151E>02 
.15SC.02 
.|5eE.0f 
,16SE.02 
,169E.0S 
,1776.0: 
,l8ftE«02 
,l97E.0a 
. 21 te«02  
.327E.02 
.245E.02 
,267E.O; 
,293E.0« 
.32SE.0I 
.S57E.02 
.S96E.oe 
.4«1E.02 
.<I91E.02 
,5<I0E.02 
.612E.02 
,6036.02 
.763E-02 
.S50E.02 
.946E.02 
.t05E.0t 
.ttÏE.Ol 
.I26E-01 
.137E-01 
.laBe-Ot 
.162E.01 
,lfl7E.01 
.234E.0i 
,3255.0* 
,066E«01 
,775E«01 
,155E+00 
,232E*00 
,550E+00 
M(KM) 
;iTaE^06 
.326E*06 
.3ieE*06 
,3Q9E*06 
,300E*06 
.2ê9E*06 
,279E+06 
:267E*Q6 
,256E*06 
^2aaE«06 
,232E+06 
,2%oe+o6 
. 208E*06  
.196E+06  
, l â«B+06  
, l 72 f+06  
,l60e«O6 
, J«9 f*06  
,1JTE*06  
, l 26E+06  
, l J5e+06  
,toac*06  
:9a7E*o5 
, a iSE*05  
,703E*05  
,59lE*05 
, a78E*05  
, 363E*05  
,2fl6E*05 
yl26E*05 
0 # 
-,13lE+05 
..265E+05 
.,406E*05 
..5566+05 
•.652E+05 
.,7096+05 
..825E+05 
-,a83E+05 
.L925g+05 
..957E+05 
5e8oe . 0 3  
6 r a 0  c r r a d  o r  f c  
.332 040 10061 0,000 
,351 067 ,0097 O.OOO 
.348 086 ,0066 O.OoO 
,S«7 077 ,0064 0.000 
,344 054 ,0062 O.OOO 
,343 049 ,0061 0.000 
,345 052 ,0060 0.000 
,349 054 ,0059 0,000 
355 054 ,0058 0.000 
,358 054 ,0058 o .ooo 
,355 094 ,0057 0.000 
, 3 0 9  097 ,0097 0.000 
,349 06} ,0097 0.000 
.354 068 ,0056 0.000 
,364 072 ,0056 O.OoO 
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# # # # # * # # # # * » * # * # # # # * # # * * # # # # # # # # # # # # » # # # *  M»#k*^00000000000000000000000000000000000000 
M # W  « * *  o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o n  
^ 0 t t » * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
m # 
L£Z 
TEPF «500, LOG S ,750 WAVE 5001, D02 
,'»000E*0l HE ,9550E.0l C ,)5u6E. 
TAU T P XNE RHO 
o; 2000,0 ,234E*0I ,S05E 08 .(51E.10 
02 2593,0 ,467E*01 ,T65E 08 ,g78E.|0 
,1581 02 2659,1 ,544E+01 ,98«E 08 .S15E-10 
[fOOE 02 2725,2 .664Ef01 ,135E 09 .I75E.10 
,2511 02 2809,5 ,eS7E*0l .202E 09 .456E.10 
,569E#io 'ji6E 02 2909,9 .108E*02 ,327E 09 
IJ^BE 02 3023,2 .M2E*02 ,560E 09 .724E.10 
,5oie 02 3142,3 .189E*02 ,950E 09 .924E.10 
,6SIE 02 5255.4 .251E*02 ,t52E 10 .116E-09 
'T9<IE 02 3347,4 .327E*02 .223E 10 .150e.09 
.lOOE 01 3422,3 ,420E+02 ,507E 10 .189E"09 
.126E 01 3463,2 ,S3lE+02 .ao6E 10 ,234E"09 
,158E 01 3537,6 ,662E*02 ,524E 10 ,286E>09 
leooe 01 3592,0 ,816E*02 ,667E 10 ,J«««09 
,1511 01 3643,5 ,100E+03 ,839B 10 .422Ea09 
,316: 01 3693,1 ,l2lC+03 .iQoe It ,503E«09 
,398E 01 3740,4 ,1496+03 ,I28E 11 .599E»09 
JSOlE 01 3786,5 ,174E*03 ,155E 11 ,708E.09 
,631E 01 3831,8 ,208E*03 ,188E 11 ,834E«09 
,7<»0E 01 5877,9 ,246Ef03 ,226C 11 ,9ytE.09 
,100: 00 3925,6 ,291E*03 ,271E 11 ,1|4E.08 
,116E 00 3976,2 ,342E*03 .S25E It ,132E.08 
,158E 00 4030,7 ,402E*03 ,3665 11 .153E.0B 
,200E 00 4091,5 ,470Ef03 ,463E 11 ,176E.08 
,251E 00 4157,4 ,SS0E*03 ,553E It .203Em08 
'S16E 00 4231,7 ,641E*03 .65aE 11 .233E.08 
,3»8E 00 4315,6 .750E*03 ,786E 11 .267E.08 
,501E 00 4410,9 ,873E+03 ,941E 11 .305E»08 
,63lE 00 4519,0 ,102E*04 ,114E 12 ,348E.08 
,T'«E 00 4644,9 ,120E+04 .USE 12 ,395E«08 
,}00E 01 4789,9 ,l39E+04 ,188E 12 ,447E.08 
,1%6E 01 4955.9 ,160E+04 ,271E 12 ,497E«08 
,15«E 01 5144.3 ,i8lE+0« ,«30E 12 .541:.08 
,200E 01 5364,5 ,20QE+04 .752E 12 .572E.oe 
,251E 01 3604,8 ,215E+04 ,i3aE 13 ,59oEe06 
,3I6E 01 5887,4 ,227E+04 ,2b9£ 13 593E.08 
,398E 01 6166,0 ,236E+04 ,496E 13 .580Ee06 
,501E 01 6592,9 ,243E*04 ,1151 14 .567E«06 
,6J1E 01 7021,0 ,246E*04 ,2UlE 14 ,538E.08 
'?9aE 01 7300,6 .2506+04 ,37«E l4 ,525E.08 
.loot 02 7525,0 ,2525*04 ,520E 14 ,514E.08 
I ,a5)|E.04 0 ,5e0SE*O3 
KAMA H{KM) 8RAD 
,182 
DRRAD . 6R 
754E.02 ,25lE*n7 200 ,0161 
303E«02 ,2I«E»07 ;263 225 ,0075 
236E.02 ,2J«I*07 159 ,0058 
t97E.02 ,2:9E*07 142 ,0046 
165E.02 ,222(07 142 ,0036 
I40E.02 ,215E*07 ;560 138 ,0028 
125E.02 ,204E+07 ,566 134 ,0022 
I17E.02 ,195E+07 ;j8i 129 ,0019 
I17E.02 ,183E*07 ;384 115 ,0016 
120E.02 .172E*07 ÎJ91 097 ,0015 
126E>02 ,162E«07 ;390 082 ,0015 
13SE>02 ,153E*0? J 3 9 2  075 ,0015 
l4iE>0l ,144E*07 072 ,0015 
151E.02 ,|35:*07 ,596 072 ,0015 
I63E.02 .126E+07 ;596 071 ,0016 
I76E.02 ,ll8E+07 ;395 069 ,0016 
190E.02 ,ltQE*07 ,596 068 ,0017 
206E.02 ,102E*07 ;596 068 ,001# 
224E-02 ,94lE+06 ^596 069 ,0019 
244E.02 ,864E*06 ,396 072 ,0020 
266E 02 ,787E*06 ;596 076 ,0021 
290E.02 ,711E*06 ;39fc 082 ,0023 
317E.02 ,637E*06 ;397 090 .0024 
345E.02 ,560E*06 ;S97 098 ,0026 
375E.02 ,486E*06 ;597 109 ,0028 
405E.02 ,409E+06 ' 5 9 7  120 ,0050 
436E.02 ,331E*06 ;398 134 ,0031 
466E.02 ,25lE*06 '598 148 ,0033 
501E.02 ,l69E+06 ;397 165 ,0056 
545E 02 ,846C+05 
0 , 
',397 187 ,0039 
618E.02 394 219 ,0045 
752E-02 .,812E*n5 ,392 269 .0056 
l O l E - 0 1  .,153E*Q6 ,385 359 ,0078 
148E.0I .,21SE+06 581 499 ,0117 
233E.01 ".262E+06 Î362 729 ,0186 
391E«0t .,298E*06 ,339 1 055 ,0325 
640E#0I »,326E*06 ,325 1 690 ,0566 
131E*00 .,346E+06 
.,359E*06 
,266 3 234 ,1254 
259E+00 ,2tO 4 043 .2127 
405E+00 •,368Et06 ,185 3 463 ,2279 
578E*00 ,,376E+m6 .158 2 954 .2342 
n 
, 0 0 0  
0 , 0 0 0  
0 ,000  
0 , 0 0 0  
0 ,000  
0 ,000  
0 , 0 0 0  
0 , 0 0 0  
0 ,000  
0 , 0 0 0  
0 ,000  
0 , 0 0 0  
0,000  
0 , 0 0 0  
>  0 , 0 0 0  
0 , 0 0 0  
0 , 0 0 0  
0,000  
0 , 0 0 0  
0 , 0 0 0  
0 , 0 0 0  
0 , 0 0 0  
0 , 0 0 0  
0 , 0 0 0  
0 . 0 0 0  
0 , 0 0 0  
0 , 0 0 0  
0 , 0 0 0  
0 , 0 0 0  
0 , 0 0 0  
0 . 0 0 0  
0 , 0 0 0  
0 , 0 0 0  
. 0 0 0  
, 0 0 0  
. 0 0 0  
. 0 0 0  
'Mi 
,a5« 
.618 
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a t  
4500, LOG G .75C WAVE 5001 , DU 
H .lOOOE+01 ME ,9550e»01 C ,35U8E-05 
TAU T P XNE RHO 
< 2864 0 655E+01 ,200E U9 ,J52E«" 
126E«v,< 3347 5 131E+02 .1 lOE 1 0 ,60lE«iV 
158E.02 3413 3 147E+02 .133E 10 .664E-10 
200E.02 3480 1 168Et02 ,162E 10 .744E.I0 
251E"02 3538 4 I93E+02 .195E 10 ,639E«t0 
316E.02 3589 6 224E+02 .232E 10 .957E.I0 
3Q8E.02 3631 9 261E+02 ,276E 10 .IIOE.09 
SOIE.02 3667 0 307E*02 .3265 10 ,12BE»09 
631E.02 3694 U 362E+02 .385E 1 0 .151E#09 
79ae«02 3719 5 429E+02 .455E 10 ,177E.09 
lOOEaOl 3743 5 51lE+02 ,538E 10 .210E.09 
1:6E.01 3766 1 609E+02 .636E 10 p208E»09 
1S0E.O1 3789 8 727E*02 ,7546 10 ,295E.09 
200E.01 3815 4 867E+02 ,89UE 10 .349E-09 
2S1E.01 3842 6 104E+03 ,106E It 414E.09 
316E.01 3872 3 123E+03 ,126E 11 .489E.09 
398E-01 3905 2 147E+03 ,150E 11 .577E.09 
901E-0I 3941 0 174E+03 , 1 78E 11 ,679E-09 
631E.01 3960 5 207E*03 ,212C 11 «797E.09 
79aE.0l 4023 6 244E+03 ,252E 11 ,932E-09 
100Î+00 4071 0 288E+n3 ,300E 11 „109E.08 
126E+00 4123 1 340E+03 ,356E 11 .127E.08 
HBE + OO 4179 u 400E+03 ,423E 11 '.147E,08 
200E+00 4244 0 470E+03 ,502E 11 .170E.08 
251E+00 4)12 <J 553E+03 ,598E 11 .197E.08 
3I6E+00 4391 0 648E+Q3 ,7l JE It „227E«08 
398E+Q0 4U77 4 762E+03 ,859E 11 .261E.08 
SOlE+OO 4875 1 892E+03 ,I05E 12 „SO0E«O8 
63lEf00 4689 2 105E+04 .135E 12 .342E.08 
79iiE + 00 4819 1 121E+04 ,)76E 12 .387E.08 
lOOE+01 4964 5 140E+04 ,250E 12 .432E.08 
126E*0I 5129 2 157E+04 ,381E 12 ,472E.08 
158E+01 5312 3 17UE+04 ,6lbE 12 ,504E«08 
200E+01 5531 6 189E+04 ,I0«£ 13 ,525E.08 
2SIE+0I 5775 2 201E+04 ,|96E 13 .535E.08 
316E«01 6073 8 210E+Q4 ,J86E 13 .532E.Q8 
598E+01 6362 1 217E+04 .702E 13 .523E.08 
50lE+0I 6771 4 222E+04 ,151E 14 ,5o3E-oe 
651E+01 7165 0 22SE+04 .289E 14 .482E.08 
790E+01 7415 3 227E+04 ,422E 1 4 .470E.08 
iooc*oe 7622 9 229E+04 .56TE 1 4 „46JE-08 
,851 IE.ou 0 ,5888^.03 
KAPPA H(KM) GRtD GRRAD CR 
141E-02 .241E+07 f363 ,220 ,015? >000 
108E-02 ,219E+07 ,39<> ,172 ,0054 a,000 
llOE-02 .214E+07 ,396 .156 ,0044 0,000 
112E-02 ,209E+07 ,396 ,134 ,0036 0,000 
116E-02 .203B+07 .397 ,108 ,0051 0.000 
119E.02 '.197E + 07 ,397 .086 ,0027 0,000 
I23E.02 .190E+07 ,397 .066 ,0024 0,000 
127E-02 ,184E+07 ,397 ,092 ,0025 0,000 
131E-02 .176E+07 ,397 .042 ,0022 0.000 
137E.02 .169E+07 .397 .036 .0022 0,000 
142E.02 ,16lE+07 ,397 ,036 ,0023 0.000 
I09E.0: ,153E*07 ,397 ,035 ,0024 0.000 
1S7E.02 .146E*07 *i97 ,057 ,0024 0.000 
165E.02 ,l38E+07 ,397 .039 ,0025 0.000 
175E-02 ,l3oE*n7 ,397 ,042 .0026 0.000 
187E-02 f122E*07 ,397 ,046 ,0027 0,000 
200E.02 .114E*07 .397 ,051 .0028 0,000 
214E.02 ,106E+Q7 ,397 ,056 ,0029 0,000 
2S0E-02 .980E*06 f397 ,061 ,0030 0,000 
248E.02 .901E406 ,S?« ,067 .0030 0.000 
267E-02 •,821E + 06 ,398 ,074 >031 0.000 
28eE-02 .742E+06 ,398 ,080 ,0052 0.000 
SHE.02 ,6645+06 ,398 .089 .0053 o . o o o  
334E-02 .S8lE*06 .398 ,097 ,0053 0.000 
S60E-02 .501E+06 ,398 ,106 >034 0.000 
3e6E-02 ,419E+06 , 3 9 e  ,116 ,0035 0,000 
415E,02 .335E+06 ,397 .126 ,0036 0.000 
450E.02 .250E+06 ,397 .146 ,0036 0.000 
498E.02 ", 164E + 06 .396 ,166 ,0042 0.000 
571E-02 ,802E+05 .393 ,196 ,0048 0.000 
695E-02 0, .392 .236 .0059 0.000 
905E-02 ..728E+05 ,3*4 ,301 .0077 0.000 
126E«0t •, 1S4E*06 ',3ft0 .414 ",0107 .000 
t90E.01 -,187E+06 ,364 .592 >163 .000 
300E-0t ..228E+06 ,354 ,667 
1.509 
,0261 .000 
513E-01 -;259Ef06 .3?1 ,0468 ,000 
842E.0I -.282E+06 .286 1,966 ,0812 ,000 
169E+00 •,3Q0E*O6 .240 3,500 .1611 ,026 
309E+00 •.31lE+06 .194 4,100 ,2441 ,278 
46IE+00 •.320E+06 ,168 5.548 ,2420 , 4 9 5  
642E+00 -.328E*06 .145 2,955 .2545 .648 
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TEPF asoo. LOG G ,750 WAVE 5001, D31 
H '.lOOOEfOl HE ,9550E #0 1 C ,3548E-03 
TAU T P XNE RHO 
1 o'. 3087 8 ,64SE+01 38)E oQ ,321E.|0 
2 ,I26E.02 3«92 6 ,l29E+02 132E 10 ,566E.10 
1 156E.02 35<(2 3 .145E+02 1S4E 10 ,629E-tO 
4 ,200E.02 3969 7 .166E+02 lenE 10 ,7O9E-10 
5 ,25lE-02 3628 2 .190E+02 210E 1 m .805E.10 
6 .316E.02 3660 4 ,220E+02 244E 10 ,923E.I0 
7 ,396E.02 3690 1 ,257E+02 286E 10 .107E.09 
a ,SOIE.02 3716 6 ,)02E+02 3S5E 10 .125E-09 
9 .631E.02 37«0 6 ,357E+02 Ï93E 10 .147E-09 
10 ,79qE«02 376W 0 .424E+02 U66E 10 .173E-09 
11 ^tOOE.Ol 3767 1 ,505E+02 551E 10 ,205E«09 
12 ,126C*01 3811 5 ,603E*02 65)e 10 .243E-09 
15 .196E.01 38)7 2 ,72*E*02 776E 10 ,«69E.09 !« .200E.01 3866 4 ,66lE+02 922E 1 0 ,)42E.09 
15 ,25lE-0J 3897 7  . 103E + 03 llOE 11 .406E.09 
16 ,316E-0l 3932 5 ,l23E+03 131E 11 .479E.09 
r ,3986.01 3970 7 ,1«6E*03 156E 11 ,56Se.09 
i« ,SOIE.01 40)2 4 , J74E*03 1862 11 ,665E.09 
1» ,63lE.0l ao97 9 ,2Q6E+03 222E 11 ,78lE-09 
t o  :79aE.oi 4107 7 ,2«4E*03 264E 11 914E.09 
M ,100E+00 «161 6 .289E+03 314E 11 ,107E-08 
n ,l26E+00 4220 2 .3U2E*03 Î74E 11 .12UE- o e  
'iSSEtOO 4282 3 ,404E+03 446E 11 .lUSE.oa 
200E+00 4352 6 ,476E*03 532E 11 , 166E.08 
Î5 ,25lE+00 4427 I ,563E+03 639c 11 ,195e-06 
»6 ,316EtOO 4509 6 ,66lEf03 772E 11 ,225E.08 
»7 ,398E+O0 4602 0  .77BE+03 953E 11 .259E-06 
!8 .SOlEtOO 4706 8 .9O8E+03 I21E 1? .296E.08 
f9 ,63lE+00 4825 8 ,106E*04 161E 12 ,3S6E-08 
>0 '794E+00 4957 9 ,l2lE+04 224E 12 .375E.08 
11 , l f i 0 E  +  0 1  51 06 U  .1375+04 1 3 2 E  1 2  , 4 l 2 E - 0 8  
(2 ,l26e*0l 5274 0 ,lS2E+04 520E 12 ,443E.06 
»3 JI«E4  J  5461 5 , 166E + 04 0S2E 12 .466E./ 
»« ,200E+vf 5694 1 . J77E + 04 153E 13 .478E.oy 
(5 ,25lEt01 5940 0 ,|87E*04 272E 13 ,482E«06 
(6 ,316Ef01 6216 4  ,l9i(Et04 4<»7E 13 ,479E.06 
r  '396E+01 6523 6 ,l99Et04 9l5E 13 ,469E.06 
1 6  ,S0lE+0J 6966 7  ,203Et04 200E 1 4  ,448E.06 
(9 ,631E*01 7299 1 .206E+04 3 5 8 E  1  4  ,43)E.06 
to '79i(E + 01 7 5 2 7  2 . 2 0 6 E 4 0 4  4 7 3 E  1 4  .424E.06 
I t  . l O O E + 0 2  7720 5 , 2 0 9 E + 0 4  617E 1 4  .416E.06 
, e 5 i i E >ou 0 ,ssaeF»03 
KAPPA H(KM) aR*o GRRAO GR rc 
108E.02 -2511*07 ,392 130 ,0169 0 000 
110E.02 ,223E+07 129 ,0054 0 000 
112E.02 .218E+07 .397 111 ,0046 0 000 
1 HE.02 ,2I3E*07 ,598 090 ,0039 0 000 
118E.02 ,207E*07 ,398 068 ,0035 0 000 
12IE-02 ',201E*07 ,398 056 ,0033 0 000 
124E»02 .194E+07 ,396 046 ,0031 0 000 
128(. 502 ,187E*07 .)?e 001 ,00)0 0 000 
132E.02 ,|79E*07 ,)98 057 ,0030 0 000 
137E-02 .172E+07 ,398 035 ,00)1 0 000 
(43E«.02 ,164E*07 ,596 036 ,0032 0 000 
149E»02 ;i56E*07 Î59B 0)7 ,0033 0 000 
1S7E.02 ,146E*07 ,)98 040 ,00)4 0 000 
166E.02 .140E+07 ,398 044 ,0035 0 000 
I76E.02 .132E+07 ,398 048 ,0036 ft 000 
187E.02 ,124E*07 ,398 053 ,0037 0 000 
199E-02 .1166*07 ,398 098 ,00)7 0 000 
213E.02 ,108Et07 ,398 063 ,0057 0 000 
228E.02 '994E+06 ,396 069 ,0036 0 000 
24QE.02 ,9l2E+06 ,398 075 ,00)8 0 000 
262E.02 .6306*06 ,398 060 ,0058 0 000 
280E.02 .747E+06 ,398 086 ,0056 0 000 
SOlC.02 ,6656*06 ,398 093 ,0038 0 000 
322E»02 ,5796*06 .398  100 ,00)8 0 000 
S47E.02 .4956*06 ,398 109 ,0038 n 000 
374E.02 .409E+06 ,3,7 119 ,00)9 0 000 
409E.02 ,3236*06 ,)97 1)4 ,0041 0 000 
45SE.02 ,2376*06 .396 154 ,0045 0 000 
S26E.02 ,1536*06 ,392 160 ,0051 0 000 
635E.02 ,7316*05 ,391 215 ,0061 0 000 
812E.02 o: .355 271 ,0078 0 000 
IIOE.OI .,6446+05 ,379 552 ,0105 0 000 
158E-01 .,1186*06 ,368 499 ,0149 ) 000 
24SE-01 -.16)6*06 ,346 719 ,0351 000 
385E.01 ..1966*06 ,3?B 994 ,0370 000 
628E.0I .,2256*06 ,3o7 1 455 ,0621 000 
t 06E + 00 .,2466*06 ,26" 2 413 ,1096 OQt 
217E*00 .,2626*06 ,209 4 056 ,2167 072 
370E+00 .,2726*06 ,178 3 654 ,2792 329 
535E*00 ..2806*06 ,151 3 240 ,2764 505 
731E+00 ..2886*06 .1*9 2 662 .2640 702 
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TEFF 4500, LOG C 1,500 WAVE 5001* S02 
) .lOOOEtOl ME ,9550E«01 C ,J54»E«' ^ 
I 0 
TAU T P 
2500 0 .118E 02 
>26 02 2708 1 ,236E 02 
158 02 2772 7 .274E 02 
200 02 2846 .33SE 02 
251 02 2937 3 422E 02 
316 02 3042 8 ,540E 02 
398 02 5159 6 ,704E 02 
501 02 3277 2 .912E 02 
631 02 3379 9 .117E 03 
794 02 3061 .1«7E 03 
t o o  01 3521 8 ,|82E 03 
126 01 3571 8 , 2 2 t E  03 
158 01 3614 8 ,2 7E 03 
200 01 3654 6 .319c 03 
251 01 3 6 2  1 .J80E 03 
316 01 3728 8 ,4481 03 
39® 01 1765 9 .S28E 0} 
501 01 3003 ,617E 03 
631 01 3842 7 .720E 03 
794 01 3064 2  ,f36E 03 
t o o  00 3929 6 ,«69B 03 
126 00 3979 2 . U 2 E  04 
158 00 4033 9 .129E 04 
200 00 4096 7 .148E 04 
251 00 4165 1 ,i70E 04 
316 00 4242 7 .I'St 04 
398 00 4329 9 .224E 04 
S o t  00 4428 3 .256E 04 
631 00 4539 8 .295E 04 
794 00 4666 7 .339E 04 
100 01 4813 4 .390E 04 
126 01 4980 7 ,447E 04 
158 01 5(63 2 .507E 04 
200 01 SS78 3 .5626 04 
251 01 5609 1 .6t|E 04 
316 01 5884 7 ,651C 04 
398 01 6163 0 .60OE 04 
501 01 6566 5 ,705E 04 
631 01 6924 8 .716E 04 
794 01 7194 0 .731E 04 
100 0 2  7416 0  ,700E 04 
XNE 
,1«OE*0' 
,)seE*e9 
,45?E+o9 
,fr2SEf0<' 
,"»J5Eta9 
,149E+l0 
.2«a£+io 
,40)E*10 
,*0SS«t0 
.«461410 
,1I1E*11 
.l«OE*ll 
.iTSetU 
,210|+il 
.254E + n 
.304E«it 
,|6SE«tl 
,«J1E*|1 
.9l*t*il 
,605E*jl 
.T18E*J1 
,«5lE*jl 
,10lE«i2 
,120E*)2 
,1«JE+I2 
,171E+12 
,204E*%2 
,244E*12 
,2«5EM2 
,)55E*12 
,445E*l2 
,s97eh2 
,a72E*i2 
,t42E4il 
.246E4tS 
.464E«iS 
,ê«9E*t5 
,lë»E*|4 
,55JE*lO 
,548E*l4 
,T68E+i4 
RHO 
.757E-10 
.n5E.09 
.15SEa09 
,ieiE.09 
.221E-09 
,273E.09 
.)43E.09 
,426E.09 
.532E.09 
,652Em09 
,79:E"09 
,<'?S|-09 
.llAgmOa 
,134;.08 
.ISfif"»» 
.lesE.oe 
,2|SE.oe 
,249E.oe 
.2B6E«06 
.33iE>oe 
,S79E>0S 
.432E«oe 
,491E.08 
,555E.oe 
,62*E.oe 
,70SE>08 
.793E.08 
,888E«oe 
,997E«08 
olllE-07 
,125E.07 
,I38E,07 
.151E.07 
,16lE.07 
,167E.07 
,170E.07 
.170E.07 
,1656.07 
,159E.07 
,156E.07 
.153E.07 
.eSllE.OO 0 ,5888E"03 
KAf»P»A HfKM) BRAD 8RRAD . 0» 
8}6E 02 ,409E*06 .140 ,201 ,0183 
337E 02 ,385E*06 ,219 ,194 ,0087 
267E 02 ,370E*O6 ,248 ,163 .0070 
219E 02 ,367E+06 ,282 ,148 .0056 
185E 02 ,355E406 
,339C«06 
,290 ,144 ,0044 
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526E+0Q . 694E+05 ,236 2 288 ,2681 .485 
725E+00 714e+n5 '209 1 967 .2865 .m 
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200E 01 2SS2 4 .107: 03 .927E*09 ,693: 09 
2SlE 01 2956 2 .130: 03 ,109E+J0 .848E 09 
916E 01 2S79 7 .158E 03 .134E*io .102: 08 
3961 01 260S 0 ,193: 03 ,166E*10 123: 08 
soil 01 2631 9 ,236: 03 ,209E*10 .149E 08 
631e 01 2660 9 ,289E 03 ,2S9E+10 .180E 08 
794: 01 26*1 8 ,154: 03 ,318E*10 ,218: 08 
lOOE 00 2724 S .434: 03 .397E*iO .964: 08 
126E 00 2759 ,932: 03 .498E+10 ,J19E 08 
1S8E 00 279 9 ,6SlE 03 ,623E+10 .3846 08 
200E 00 2833 6 .794E 03 ,778E*l0 ,460E 08 
2S1E 00 2873 9 .967: 03 ,974E»10 ,SSOE 08 
3I6E 00 2»16 8 .117: 04 .12lE*ll .652E 08 
398E 00 2963 7 .141: 04 ,1S2E+1I ,770: 08 
SOIE 00 3016 3 .169: 04 ,190E*11 .900E 08 
6S1E 00 3076 7 .201: 04 ,24te+ti ,109: 07 
79«E 00 3ltt7 6 .238: 04 ,309E+il ,120E 07 
lOOE 01 3131 8 .280: 04 ,406E*1I .1S6C 07 
126E 01 3111 9 .395: 04 .951EMI ,193: 07 isae 01 3<lSt 2 .373: 04 .782E41I .168E 07 
200E 01 3993 6 .421: 04 ,116E*i2 .181E 07 2sie 01 3760 7 .<I69E 04 ,l76E+ia ,193: 07 
S16E 01 3951 9 .514E 04 ,26|E*12 .201E 07 
996E 01 «160 9 53: 04 ,367E*)2 .208E 07 
SOIE 01 <(387 ,613: 04 .«90Eti2 .219E 07 
631: 01 4640 .673: 04 ,632E*12 .223: 07 
79aE 01 4929 2 ,746: 04 .«50: 12 ,23SE 07 
lOOE 02 S293 9 ,826: 04 .14SE*13 .2U2E 07 
,8$HE.0@ 0 ,SS8SE>0S 
KAPPA M(KH) PRAD ORRAD GR FC 
829E-03 :994E*06 ,091 ,099 lOPO' 1.000 
159E-02 .899E*06 ,092 ,144 ,000. J ,000 
174E.02 .840Ef06 ,094 ,267 ,0019 ,000 
200E,02 ,829E*06 ,062 ,112 ,0019 ,000 
207E.02 .809E*06 ,072 .228 
,141 
,0014 ,000 
202E.02 ,79oE*06 ,086 ,0013 ,000 
196E.02 .768E*06 ,091 .090 ,0012 0 ,OoO 
193E.02 ,743E*06 ,089 ,088 ,0010 0 ,000 
193E.02 .7I6E+06 ,086 ,041 ,0009 0 ,000 
199E.02 ,687E*06 .089 .032 ,0009 0 ,000 
198:.02 .697E*06 ,091 .023 ,0008 0 ,000 
204E.02 ,6:6E*06 ,089 ,013 ,0007 0 ,000 
211E-02 '996E*06 ,086 ,007 ,0007 0 .000 
219E-02 .969E*06 ,083 .007 ,0006 0 ,000 
227E.02 ,936E*06 ,080 .028 ,0006 0 ,000 
230E.02 ,509E406 ,081 .048 ,0006 0 ,000 
934:.02 .474Et06 ,082 .090 ,0006 0 ,000 
238:.02 ,442E*06 ,082 ,053 ,0009 0 .000 
243E.09 ,409E*06 ,080 ,099 ,0009 0 ,000 
248E.09 ,379E*06 ,079 ,098 ,0009 0 ,000 
999E.02 ,341E*06 ,087 ,060 ,0009 0 ,000 
264E.02 ,307E*06 ,090 ,063 ,0005 0 ,000 
279E.02 .273E*06 ,093 ,067 ,0005 0 ,000 
2e8E.02 ,23BE*06 ,094 ,070 ,0005 0 ,000 
304E.02 ,203E*06 ,092 ,079 ,0005 0 ,000 
324E.0* ,169E*06 ,102 ,081 ,0009 0 ,000 
348E-02 ,134E*06 ,111 ,091 ,0009 0 ,000 
376E.02 .100E*06 ,114 ,109 ,0009 0 ,000 
412E.02 ,664E*0S ,118 ,124 ,0006 ,000 
US7E.02 C330E*05 .110 .109 ,0006 ,000 
SI9E.02 0. ,161 .183 ,0007 ,000 
607E.02 ",321E*09 ,l«2 ,227 ,0008 ,000 
740E«02 .,6|9E+0S ,282 .292 ,0011 .000 
940E>0£ .,906E*09 ,306 .179 ,0019 ,000 
I22E.0I .,1I6E*I)6 ,544 .478 ,0020 ,000 
IS4E.01 •,l40Et06 ,366 .960 ,0027 ,000 
)84E.0I • '.164E406 .386 .609 ,0033 ,000 
207E.0I 188E+06 ;593 ,61,! ,0037 ,000 
217E.01 ",2I6E*06 ,396 ,996 ,0001 ,000 
228E.0I .,248E*06 ,399 .587 ,0046 ,000 
299E.01 >.283E*0b .391 ,715 .0064 ,000 
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TEFF 3000, LOG G 1,000 WAVE SOOl, T 0 6  
H .lOOOE+Ol HE ,<>550E«01 C ,560lE«03 
TAU T  P  XNE RHO 
1871 4 .157E 02 ,250Ei0S ,221E, > 
126EL.J 1956 5 .31SE 02 ,633E+08 .415E.. . 
1S8E .02  2003 8 ,J4BB 02 ,87lE*0i ,436E.09 
200E.02 20S9 4 .386E 02 ,122E*09 ,452E-09 
2S1E .02  2119 7 42SE 02 ,168E*09 :459E-09 
}16E*02 2162 4 ,470E 02 ,209E*09 ,4B0E"09 
398E.02 2191 1 .S22E 02 ,246E*09 ,515E-09 
SOlE'Og 2212 9 .585E 02 ,285E*09 ,564E"09 
631E.02 2222 8 .661E 02 ,323E*09 ,635E-09 
79ttE,02 2229 0 ,757E 02 ,365E*o9 ,729E.09 
lOOE.Ol 2241 4 .e74E 02 ,422E*O9 ,839E.09 
tl6Ea0t 224# 4 .102E 0) ,485E*09  ,982E.09 
isaE.oi 229S  S .120E OS ,S62E*09 ,117E.08 
200E.0t 2262 7 ,143E 03 .655E+09 .139E.08 
asiE.oi 2275 4 .171E 03 ,78OE+ O9 ,167E.OB 
316E.01 2297 1 .205E 03 .950E+09 ,l97E-08 
398E.01 2321 0 ,246E 03 ,I16E* 0 .2S2E.0B 
SOIE.01 2346 5 .295: 03 ,143E+ 0 ,274E-08 
631E.01 2373 3 .354E 03 ,176E* 0 322E.08 
794E.0I 2401 8 .424E 03 .217E+ 0 ,378E.08 
100E*00 2432 3 ,S08E 03 ,26TE« 0 ,4qiE.0B 
126E*00 2465 2 ,6076 03 ,530E+ 0 ,514E.0B 
(«8E*00 2500 7 725E 03 ,«08E* 0 .597E-08 
200E*00 25J9 5 ,864: 03 ,907E* 0 ,688E«06 
2S1E*00 2«ei 6 ,103E 04 ,6)1E*  0 ,791E«08 
316E*00 2627 8 ,122E 04 .768E* 0 ,901E.08 
S98Ef00 2678 3 ,145E 04 ,9e9E* 0 ,102E.07 
SOIE^OO 2733 7 ,171E 04 .129E* 1 ,116E.07 
631E+00 2794 7 ,203E 04 .ISBE* 1 .130E.07 
79«E*00 2061 9  ,2S9E 04 ,201E* 1 .146E.07 
lOOEfOl 2936 u .2BlE 04 , 256E t  1 ,163E.07 
126E*01 3019 6 .350E 04 ,330E* 1 .181E.07 
IS8E$01 311) 7 ,386E 04 ,430E+ 1 .201E.07 
200Et0: 3221 1 ,4U8E 04 , 72E + 1 ,222E-07 
2SlE*01 3344 6 ,S17E 04 .795E* 1 ,244E.07 
316E«oi 3486 1 ,587E 04 ,I16E* 2 .263E.07 
398E+0l 3652 9  ,658E 04 ,I78E* 2 ,279E.07 
SOlEfOl 3851 2 ,724E 04 .28,E* 2 ;29OE-O7 
6SlEf0t 407tt 5 ,789E 04 ,426E* 2 ,299E.07 
79@E*oi 4318 6  .B56E  04 ,60lE* 2 .305E.07 
100E*02 4600 8 .9)0E 04 .B09E+ 2 ,31lE«07 
.eSllE.OO 0 .S688E.03 
KAPPA H(KH) ORAO CRRAD .  CR FC 
6I7E.03 ,598E+06 l062 ,039 ,000' > 1,000 
804E.03 .532E06 
,524E*Q6 
F 060 ,196 ,000. ',000 
954E.03 ,057 .233 ,0007 ,000 
111E.02 .514E406 ,053 .265 ,0007 ,"00 
131E.02 ,505E*06 ,094 ,240 ,0007 ,OoO 
I47E.02 ,495E*06 ,092 ,160 ,0007 ,000 
158E«02 .484E*06 ,051 ,105 ,0006 ,000 
165E«02 .473E+06 ,053 ,061 ,0006 ,OoO 
168E-02 ,460E*n6 ,054 ,026 ,0009 ,000 
170E.02 ,445E*06 ,094 ,030 ,0009 0 ,000 
174E.02 ,430E*06 ,094 ,029 ,0004 0 ,000 
175E.02 ,414e*06 ,099 ,019 ,0004 0 ,000 
|77E«0I :397E*06 ,096 ,019 ,0004 0 ,000 
I79E.02 .378E+06 ,096 ,029 ,0003 0 ,000 
183E.02 •,S6OE»06 ,096 .042 ,0003 0 ,000 
192E.02 .341E+06 ,057 ,094 ,0003 0 ,000 
201E-02 ,32|Et06 ,057 ,098 ,0003 ,000 
211E-02 I301E*06 ,096 ,061 ,0003 ,000 
222E-02 C28|E*06 ,098 ,064 ,0003 ,000 
23SE.02 ,26lE+06 ,099 ,068 ,0003 ,000 
248E*02 ,240E*06 ,060 ,073 ,0003 ,000 
263E.02 ,2190*06 ,060 ,078 ,0003 ,000 
280E.02 : I97E*06 ,060 .080 ,0003 ,000 
299E.02 1I78E+06 
,1«E*06 
,062 ,091 ,000) ,000 
319E.02 ,064 ,099 ,0003 ,000 
S42E-02 ;i29E*06 ,066 ,107 ,0004 ,000 
367Em02 ,10SE*06 ,066 ,117 ,0004 ,000 
399E.02 ,804E*05 ,071 ,127 ,0004 ,000 
425E.02 .546E+0S ,079 ;isa ,0004 .000 
459E.02 ,279E*05 ,076 ,191 ,0004 .000 
498E.02 0^ ,087 ,166 ,0004 .000 
S45E-02 .,290E*05 ,096 ,1«5 ,0009 ,000 
60SE.Q2 .,58lE+05 ,108 ,211 ,0005 ,000 
687E.02 ..e88E+05 ,134 ,243 ,0006 ,000 
811E-02 -.118E*06 ,169 ,292 ,0007 ,000 
lOOE.OI .,147E+06 ,846 1363 ,0009 ,000 
131E.0I •.173E*06 ,292 ,476 ,0013 ,000 
174E-01 -•,197E + 06 
-,219Et06 
,344 ,605 ,0019 ,000 
220E.0I ,379 ,697 ,0025 ,000 
299E.01 •,242Ef06 ,387 ,750 ,0031 ,00(1 
28tE.0t ..266E*06 .J94 .761 .0034 ,001 
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B. Predicted Flux 
In all models computed in this study, the calcula­
tions involving the radiation field were carried out at 
either 47 or 101 frequencies. The 47-point frequency set, 
consisting of the midpoints of the 47 intervals in Table 5, 
is listed in Table 8. The 101 frequencies used in the 
remaining models are given in Table 9. In both tables, the 
frequencies are listed in Hertz in descending order from 
left to right. 
The emergent flux predicted by the models at 47 
frequencies is listed on pages 274 through 291. The flux 
listings are given in alphanumeric order of the model 
2 designators. The fluxes are in units of erg/cm /sec/hz 
and are listed for each model in the same order as the 
frequencies in Table 8. The numbers listed are actually 
the values of H . The emergent flux is F = 4'itH . 
V  ^ V V 
Fluxes from the 101-point models, corresponding to the 
frequencies in Table 9, are listed on pages 292 through 
295. 
Table 8. 47-point frequency set (hz) 
.562IFM s 
,26?5E*1Î )  
.11?4F*15 
,97/^3f+1s 
.197gFH5 
o2«73E+15 
,97«3E*ia 
,«619^+15 
,Ç5?ie- + i5 
.aS^SEf15 
,82aapf1^ 
. 7A70E+15  
.SlTtEflS 
.167^6+15 
, 217«E+1S  
.A7aÇp^i« 
. 7195E+1S  
,S022E*15  
,5523E*!5 
, 202«E*1S  
.52u6e + n 
Table 9. 101-point frequency set (hz) 
,1199F+16 
, Ç8UbP f! 5 
,5?(i6f + 15 
.u6q7e+15 
,«0^J7Ffi5 
,îa«BF+î5 
,?aii6F + l5 
,?2«8F*i5 
, I6<I9E + 15 
,10«9Ett5 
,22a8E*n 
,97U3E*1S 
,S7«t>F + lS 
,slfi6e+l5 
,^SA7F+|5 
,3QA7F+15 
,33«8F+15 
,?78eE+i5 
.214AEM5 
.iyA9Ff15 
,9893E+|4 
,0b J 9E f 
.57?6F.> 
,51 ?t>Çt 
,((5?7E* 
,39^7E* 
,33?aF* 
,27?^F+ 
,2l?9Ff 
,15?9F* 
15 
15 
15 
15 
15 
15 
15 
15 
15 
1 ii 
, 7870E*J5  
,S666E+15  
, 5066F+15  
.U467E+15 
. 3867E+I5  
.5266F+1Ç 
. 2668^+15  
.2069E+15  
.146QF+I5 
,«69aE+ia 
.7195E*I5 
,S606E+15 
. 50075*15  
,aao7F+i5 
. 3807E*IS  
, 120»E*Î5  
, 2608E*Î5  
. 2009E*15  
, I409E+IS  
,«09aEfia 
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, 66T0E+15  
, «8T2F+t5  
.33735*15 
, lB7ap+ t5  
.37«7f*ia 
.6296E+1Ç 
.«722F+15 
.3223F+15 
.172aE*l5 
,22tf8pfM 
.607jf*15 
,^y72F+!5 
. 3073E*!5  
.157^5*15 
,9921E*!5 
,14225*15 
,29235+15 
,M24F  +  t 5  
.577*6*15 
, 0272E+lS  
, 2773E*15  
, 127aE+l5  
. 6670F t15  .6296E+15  , 607)F*15  . 59 t6E* lS  . 59066*15  
, 55«6F+15  . 5«86Ef l5  , 5«26F*15  , 5366E+15  , 530éE* j5  
. ^9CI7F  +  15  ,U887F*15  , û8?7F* t5  , a767F  +  l 5  , «707E*15  
, a3a7F+15  .0287E+1S  , «2275*15  , 01675*15  , 4107E*15  
.37<I7F*15 . 56875*15  . 36275*15  . 35685*15  ,S50 f lE* l5  
, 3M@F*15 , 308«E*15  . 30285*15  , ?9685* l5  , 2906E* lS  
, 25«8Ff l5  , 24805+15  , 2428E*15  . 23685*15  , 23O0E* l9  
, 1909F*15 , 18895*15  . 18295*15  . 17695+15  , 1709E*J l  
. 13495*15 , 1289E*15  . 12295*15  1169E+15  *11095*15  
. 7495F+14 . 68955+14  , 6206E*14  , 52465+14  , 3747E+M 
AOl 
,!9««e.lO 
,»fea7E«06 
,!0@SE*0S 
,tl53E.0B 
,70a3E-06 
,1058E.05 
,3687E.0S 
.1637E.09 
,1U6E*07 
,76T9E-06 
,1260E.05 
,SJ0IE«05 
oMMEmOS 
.6aooE-o7 
,8155E-06 
.1)29E.05 
.3&1#E.05 
,5847E.06 
,1769E#06 
,840BE.O6 
,)60)E.0S 
.S124E«09 
,275«E»0é 
AO 2 
.30555.10 
,S268E.06 
.7920E#06 |;2782E.05 
^tni7E.05 
,8b93E»0^ 
,U988E.06 
,9o8lE«06 
,2961E«05 
,t677E-05 
,76l8E.08 
,6516E«06 
,1036E.0S 
,3172E.05 
,1282E.05 
,4889E.07 
.7105E.06 
,1292E.0S 
,3Q57E.Q5 
.3464E«06 \ 
,m94e.0& 
.6897E.06 
,1S66E«08 
,38&6E«05 
.29«3C»06 
AO 3 
? J 
, U J ^ 
. 7 1 *, u f. - r , o 
.25^0F-''^ 
, 197 1 
7473F _n9 
" 2 ^ ^ «do 
'' P 51 " 
?? 
1o77F.n3 
^ 0 -, . X . - , 
..'S 
, 1 ^ V r . b 
-r.7 
•S 1 ' o 
1 ! 7 ( P - b 
-io 
« 1 1 9 {. - f) b 
1 ,?ii7F«0fc 
c.Q;? mcb 
I >4 \ 
Î6H1e-ns 
53b 1 E"^-^ 
AO 4 
.5724E.11 
,l8S2F-ft6 
,253ae-0b 
,l9S3E-05 
, 180lE»05 
,tl33E-09 
,20'^E.06 
,3160E-06 
,2iaoE-oS 
,159«E«05 
, 22<lbE I Ab 
.^OASR-Ob 
,2)725.05 
,93o8p.06 
,5S«éEeee 
,2506E^06 
,9336E.06 
.2éa7E«05 
,5571E-06 
,?<J«6E-fl7 
,2226E*06 
,68635*06 
.3061E.05 
,3804e-q* 
AO 5 
,7867E.U 
,l857f«06 
,252«E-06 
.19@5E.05 
,ïë#8E*0S 
,1132E.09 
,2074E.06 
,3151E#06 
,2|afE.05 
,1383E«0S 
,7935E«09 
,2247E#06 
,407SE*06 
,237WE.05 
,9a86E»06 
,5378E.Q6 
.2305E#06 
,5328E«06 
,26a9E«05 
,9t83E«06j 
,5Q7oE#Q7 
,2223E»D6 
,689lE#06 
,50«le»oi 
,fl02TE«06 
AO 6 
.7871E.11 
,l7fl3E.06 
,2S27E.06 
-1899E.05 
,1895E.05 
.1255E.09 
,i950E.06 
,3126E.06 
.2098E.03 
.1361E.0S 
,8311E.09 
,211&E.06 
,40045.06 
,2327E.0S 
,9310E.06 
,S039E.08 
,2175E.06 
,5192E.06 
.2603E.05 
,7314E.06 
,4690E.07 
,2t06E«0* 
,6680E«06 
,303$:.05 
,519|E.06 
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